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STUDIES IN INHERITANCE IN COTTON. 


The Improvement of Dharwar American Cotton by 
Hybridization.'’' 


(Pvcreivcfl for juiMiratioii on llio 23nl April 102 S.) 


I. Introduction. 

Despite the many attempts to intToduce and acclimatize American 
rotton in India between 1 840 and 1870, there is only one area where it 
became and has continued to be a staple crop of the country. This is 
in that portion of the Bombay Presidency, and the neigh i)nuring portions 
of the Nizam’s Dominions, Madras and Mysore, which lies to the extreme 
south-east of the province and whose natural markets are Dadag and 
Hubli. Here New Orleans cotton was introduced by the then Collector 
of Dharwar (Mr. A. N. iSbaw) in 1842.t The first crop was sown in 
August of that year, and yielded (near Hubli) at once a larger crop than 
was produced by the local Kimpta cotton with a higher ginning per-' 
centage (33*3 per cent, as against 24-2 per cent ). This experiment was, 
in fact, so .successful that the matter was taken up seriously, an Anierican 
cotton planter. Mr. Mercer, was stationed in this neighbourhood in 1843 
and an experimental Farm was established at Kusugal in the Hubli 
Tabika. The result of many tests there with all kinds of exotic ( ottons 
was still in favour of New’ Orleans cotton, but nwdng to the prevalence 
of disease the experiments were soon after transferred to Gadag. 
where the crop grew much more healthily and gave a, much higher 
vield. 

The crop rapidly became popular, and by 1 843 the area increased to 
22,331 acres. This was only the beginning, and the cultivation became 
more and more extensive reaching 178,082 acres by ]861, in the distrid s 


* The investigations ixrcorded in the present bnlletia were done partially under 
.‘ubsidy from the Indian Central Cotton (.’omraittee. 

t All account of the early history of Amatican cotton in Dharwar will he fonndjn 
the Bombay Gazetteer, VpL XXII (Dharwar), 1884, 
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of the Bombay Presidency alone In that year, a Lanchashirc report 
stated that the Dharwar American cotton was of good staple and colour, 
clean and with the staple not seriously damaged by the ginning. H 
was valued per pound in Liverpool when the best Surat cotton 
was .selling at ofd, per pound, and American qualitie.s from middling 
to fair were selling at per pound. In spinning tests it Io.st 15 per 
cent, iu the blow room, when ordinary New Orleans (American) lost 
17J per cent. 

As early in 1850, the cotton had so far made its reputation that au 
agency of Manchester users of this cotton was established in the Dharwar 
District lor saw-ginning and purcha,sing this cotton. The quality of the 
cotton grown from the acclimatized New Orleans seed was maintained, 
as was chosen by Mr. Forbes in 1861 but the complaints of mixing were 
rife, and were one of the causes for the passing of the Cotton Frauds Act 
of 1863. The Act was, however, a failiue, and mixing of the cotton 
continues almost unabated to the present day. The area, in the two 
districts of the Bombay Presidency which grow this cotton, has increaseil 
in 192.5-26 to 332,147 acres and much is grown in the adjoining tracts of 
which records are not available. 

Snnh is a very short outline of th(^ history of thi.s very successful 
introduction of American cotton. The seed used, though of American 
origin, is now fully acclimatized and as fresh introductions do as well as 
that locally produced. It is known on the market usually a.s Saw- 
ginned Dharwar ” and locally is termed Vodda-Hatti or big-sceded 
cotton, Vihyati-Hatti or Farangi-Hatti (foreign cotton). 

kSo far as the Bombay Presidency is concerned^ it is now grown in 
almost every taluka of .the Dharwar and Bijapur Districts, and in the 
Indian kStates and in the borders of these districts. So far as the 


British districts are concerned, the following ligures show the distribu- 
tion by talnkas in 1925-26, and the relative area of this and of the local 
Kumpta cotton in each cace 

Taluta 

Ahka 

Kunipta 

cotton 

Dharwar- 

Amei’ican 

cotton 

Dharmr IHctncl, 

Acres 

Acres 

1 . Dharwar 

29.261 

S24 

? Huhli 

33,014 

0,987 
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AkKA ly ACRKS 


Taluka 


Dharwar IH-4rict — fOntW. 

;{. Krtlghatgi 

Bankiipnr 

!}. llavTi'i ....... 

Hangal 

7, Hirekenir 

-S. Rnticlieniitir ...... 

U. (jadag ....... 

1(1. R<m ....... 

II. N'rtvalgiiiid 

Total 

Bilapnf Dhtrkt. 

1. llijiipnr 

2. Iiidt ....... 

3 Sindgi ....... 

4. i^agewadi. ...... 

.7. Mtuldebihal 

ti. Bagalkot ....... 

7. Ikdami ....... 

8. ii\jngiind ...... 

Total 



l^erhaps the most typical centre of its cultivation is near the town 
of Gadagj and the climatic conditions which prevail there, in the matter 
o! rainfall, mean maximum temperature and the mean minimum 
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temperature, from the records of forty-three years are taken in tlie 
following tables for each month in the year : — 



Avcraftc 
rainfall inoho.?. 

Mean 

maximum 

temprature 

7 . 

Mean 

minimum 

temperature 

F. 

.lanndTv 


87 

iil 

l''6l)niflTy ..... 


u;] 

fill 

Marcli 


Kh> 

71 > 

April 

I'O 

102 

74 

May ...... 

2-0 

mo 

74 

June 

2‘5 

07 

?2 

■Tiily 

2-5 

!t2 

72 

August ...... 

Mt 

01 

71 

September ..... 

O'O 

00 

72 

October 

3'() 

00 : 

70 

NovemlKT 

()■■> 

88 

«:5 

OecTtnlx^r ..... 


8fi 

61 


The usual course of the season is usually something as follows. After 
ft few ante-monsoon showers in April and May which may be heavy but 
cannot be relied upon, the land becomes ht for cultivation, and i.s usually 
ploughed (the previous crop having usually been Jou-ar) wdth a light 
plough and th^n harrowed two or three times at intervals. No manure 
is usually given first to the crop, though the previous crop of jowar 
)ia.s usually been treated with two or three cartloads per acre of farm- 
3 "ard manure. The seed is sown in September or the beginning of Octo- 
ber, seven pounds of seed being used per acre. The practice is to sow in 
rows 21 inches apart, with 12 inches between the plants in the row. 
Three to four hoeiags arc given to the growing crop. Flowering com- 
mences in November and the plants are in full fiowei' at the end of Decem- 
ber or the begiimiug of January. Boll formation is most perfect in the 
second part of January and in February. The seed cotton is picked 
in two or three pickings and the harvest is over by the end of April. 
The cotton can usually be picked much cleaner than the local /{wnpU/ 
cotton, as the leaves and bracts do not dry up as with the latter cotton. 
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Tbf! yield usually ohtainod varies from 200 to 000 pounds of seed 
cotton per acre— and the produce is usually sold without pinning ns 
“ Kapas.” The total cost of production is about Rs. 30 jier acre while 
the value of the produce is usually about Es. 60 per acre, talcing Rs. 200 
per Na^a (1,344 lb.) of seed cotton as a normal price. 

The cultivation is generally carried out iu medium black cotton soil, 
well-drained. Excess of rain or of water in the soil is injurious to the 
cro]), and the crop disappears, in favour of KumpUi, cotton. 

The crop, though it is immune from the wilt disease which makes 
such havoc with the Knnipta cotton crop, is affected .seriou.sly by tin* 
cotton leaf-hopper or Jassid, by the cotton aphis, and particularly by 
the so-called “ red leaf blight.” The aphids a[)pear a])erially when 
cloudy weather continues for long periods, and' if they are abundant 
duniig the time the plants are in flower there is a large shedding of 
both flower buds and bolls. The Jassids by sucking tbo leaves, cause 
these latter to appear wrinkled and crum]fle.d, and saj) the vigour of 
the ])lants. Glabrous plants are more .susceptible to attack by Jamds 
than hairy types. Red leaf blight” appears during the later life of 
the plants, when dry east winds prevail, that i.s to say from the end 
of October until Tanuarv. As the name implies, tlie leaves turn red 
atir] then curl and fall. Tf the attack is very severe the reddening 
exteiid.s to the bolls, and the plants either die or cea.se to flower. The 
glabrous types are more liable to it than the hairy ones. Tf has, so 
far, not been found to l»e associated wn'th anv ]'>ara.site. 

II. Improvement of Dharwar American Cotton by Selection. 

Attempts at the improvement of cotton in the Dharwar American 
area either by the importation of exotic type from America or Egypt, 
or by selection from the type already acclimatized in the country liave 
been in progress for many years. This has been particularly the case 
since 1904 when an experimental station ^va.s established at Dharw'ar. 
and supplemented in 1908 by another station at Oadag. It may at 
once be said, that, despite the greater care, all direct importations, whe- 
ther from the United States or from Egypt, have failed,— -largely as a 
result of the extreme development of red leaf blight. One outside 
cotton was at first a siu’ces.s,*— the so-called Madras Cambodia cotton, 
which is an American and has reached India by W'ay of Cambodia. 
It at first yielded equally wtII with the local Dfiaiwar .American cotton, 
and had a higher ginning percentage. Its success, in the area, was 
however, purely temporary and when tried, on a large .scale imder 
cultivator’s conditions, it failed giving a poor crop in years of slightly 
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heavier rain than ordinary with a weak staple which tended to 
deteriorate. It had, therefore, to be abandoned. 

In view of thi.s general failure with cottons from other centres, atten- 
tion was concentrated on the selection of superior types from the mixture 
of various cottons known as Dharwar American,” That this was a 
mixture of various types had long been known, —and the Dharwar 
American cotton of to-day presents a mixed mass of lieterogeneous 
material, lumlly any two plants agreeing in all characters. Some plants 
have a, more open habit of growth than others ; some are sparingly 
hairy, some very hairy, while few are glabrous ; many plants have pale 
yellow flowers, some flowers are a bright yellow while a few are white; 
five majority of the flowers have no “ eye ” at the base of the petals, 
Imt a few have a faint or bright red “ eye ” indicating presence of Sea- 
Island or Egyptian influence ; the seed of some plants is white, and of 
some is green, while a very small percentage has either fully or partially 
naked seeds. The amount and quality of lint also varies widely from 
|)Iant to plant. The whole of the,se types were minutely studied and 
separated by Mr. Kottur in the years previous to 1913.* In that year 
he sliowed that in the mixture of types, the haiiy ones were far more 
imiiume to red leaf blight than the others, Avhile they were less attacked 
liy jmsids. Finally several strains, breeding true, were isolated, which 
not oidy grew healthily in the Dharwar American area, but which yielded 
highly, had the full staple expected in this type of cotton and gave much 
higher ginning percentage than the cotton usually grown. 

One of these now known as “ Gadag No. 1 ” proved so successful 
that; it lias Iniconu* the standard type all over the area, and the only 
I rouble is now to pi oduoe enough seed to meet the demand. To 
sliow how far this selection is an improvement on the ordinary growth 
the average of five years’ trial may be given. The Gadag No. 1 seed 
gave an average yield of Kapas of 466 lb. per acre with a ginning 
outturn of 34‘0 per cent. ; the ordinary Dharwar American seed gave, 
under the .same conditions, a yield of Kapas of 390 Ih. per acre 
with a. ginning outturn of 29*3 per cent. This selection is of the 
U]>land Georgian type, and is now locally known as “ Upland- 
hatti ” or Gpland cotton. It has a staple of a clear seven-eighths 
of an inch, and represents the best that it has been possible to 
obtain by selection from the existing Dharw^ar American cotton. The 
followdug report on the lint of this Gadag No. I cotton, from the crops 
of 1923-24, 1921-2.0 and 1925-26, made by the Technological habora- 
iory of the Indian Central Cotton Committee, show's the general 
characters of this cotton. 

Kiitlnr, I!. li — Dhar^nr American Cotton, Homtay Dept, Agri. IDifl ]0fi, J02u. 
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Gadag No. 1 (Bharwae American). 

J. ^ize- of croj). About 20fi00 bales. 


II. Grader's report. 



Season 1923-24 

SfNLsOii 1921-23 

Seftison 192‘>-2(i 

(•[ass . . • • 

Fine western 

F, (’1 to !■" ^^^•Rterll 

Fine Western. 

Colour 



W'hlle. 

StAldo lOTlglb 

13/lG to 13/16 
incli. 

§ to 1 inch , 

^ to 1 iindi, 

IN'gdliU'ity . 

Not as regular 
as Dharwar Xo. 
1. 

Inferior to 1923- 
24 sample and 
not a fair sam- 
ple of Gadag 
cotton. 

Irregular. 


///. Filrre particulars. 

1. FJI3RE LENGTH HCSTRTULTIOX (IIAIJ.S SORTED) 


.Me.nii group length in elghllis of an 
inch 

Pkrckntagl 

Sca.'^on 

11123-24 

.Se.asoii 

1924-26 

.S(‘asoji 

192.T26 

2 . . . . 

0-2 

0-2 

I’l 

3 . . . . 

i-s 

2-0 

2-;f 

4 . . . . 

3-4 

4-4 

4-4 

0 ... - 

6-4 

llii 

9-7 

6 ... - 

1:VS 

251 

20SI 

8 . . . . 

29 '4 

31 '2 

10-5 

20S 

9 . . . . 

11-4 

4‘5 

r,‘r. 

10 ... . 

2-1 

0-2 


11 ... . 

0‘3 



2a, Mean fibre length by Balls Sorter 

0-90 

0’82 

(»-H3 

2t Mean fibre length by Baer Sorter 

0-90 

O'S! 

0'84 

3. .Mcau libboji width inch 

000070 

0'0(H»67 

0-00071 

4. .Moan eon volutions per inch 

130 

1.32 

134 
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IV. Spinnifi^ Test'S, 

Spinning master $ report. 1 92^-24 cotton a trifle seedy ; 1924*2o 
cotton contains too much leaf and. huslf, is creamy in colour ; 1925-20 
cotton white, leafy and neppy. 

V. Ttemarks. 

The 1924-25 season was bad compared with 1923-24 and this no 
floiibt accounts for the louvered grade and increased dirtiness of the 
cotton in the former season as well as for the diminished length and 
strength of staple. In consequence while the 1923-24 sample is suitable 
for standard warp yam for counts up to 38’s the 1924-26 cotton gives 
poor results even for 20V. In the 1925-26 season this cotton while 
better than in 1924-25 is still not up to the standarfl of 1923-24 and is 
suitable for standard warp yam up to 30V. The staple is slightly better 
than in 1924-25 hut still much shorter than in 1923-24. The 1926-26 
cotton is again dirty and even more serious in its much increased nep- 
pi ness. 

HI. Attempts to Produce Improved Cotton for the American Tract 
by Hybridization. 

It is clear that the improvement in Dharwjjr American cotton re- 
presented by the Gadag No. 1 type, while considerable only leaves u.s 
with a moderate cotton and it is natural to aim at a further improvement, 
which can only , so far as we know^, be achieved by hybridization. Before 
indicating what has been done in this direction it will be well to describe 
the characters which must be contained in a really suitable type for 
cultivation in the area under consideration. 

In general terms, the best cotton for this tract has already been 
described by Kottiir^ as follows : — “ The type which is perfectly sym- 
podial growing tall with intern odes sufficiently long to promote the 
healthy growth of fruiting branches, flowering early so as to produce 
all its flowers in the month of December, and bearing big bolls, is the 
one which is ideal for the Dharwar American tract.” On these consi- 
derations the type known as Gadag No. 1 was selected, but it will he 
noticed that this ignores the question of staple. But in addition to the 
characters specified by Kottur, there is always the advantage to be 
secured by getting a vigorous hardy type which also has a staple of at 
least over one inch, and if possible up to 1| inch. If this area is to 

^Knttur, Gr. L.— Dharwar American Cotton i its History, Cultivation and Improve- 
ment, Bombay Depi. Agrt. BuU. 106, 1920. 
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coiQpcte with many of the long-sstaple Upland American varieties such 
:ls, for instance, Durango —a type witli such a staple must he ronsiderc'l 
an essential part of the ideal cotton type. 

Now in Gadag No, 1 itself there are always a few plants wlii(;h give 
lint with a staple of over one inch, but this is not hereditary, anti further 
selection in this manner has been a failure. It wa.s clear therefore that 
the only resource for obtaining a cotton which retained all the desirable 
qualities of Gadag No. 1 but had a better staple, more nearly equal 
to the better American Upland varieties was only likely to be 
obtained by crossing with suitable American or Egyptian long sta[>li? 
tA- pes capable of growing at Dharwar or Gadag. 

Now similar crosses had been previously attempted between Dharwar 
American cotton and many such long staple types in the years from 
1901-07, with no satisfactory results and the resulting material had 
ultimately to be abandoned. Eurther attempts demanded the pre,viou.s 
provision of pure line types of the material used for crossing with Gadag 
No. I cotton and for this reason the following supposed pure varieti(‘s 
were obtained for the selection of the best long-staple plant. Upland 
American r DyiTATigo, Columbia, vSnowflake. Improved-Cook, Black- 
seed, Meade, Truitt, Lonestar, Dixie, Ideal, Weblu 

Egyptian. Afiti, Abassi, Pima. 

Sea-hland. Two unnamed strains. 

The seed supplied of each of these varietic.s proved to be mixed, 
and three to four .seasons were needed to obtain pure types from them. 
Wlteu this had been clone, the resulting pure material did not. in the 
ease of the Upland types, show suftieient advantage in tiic point of 
.daple to make crossing worth while. The Egyptians grew very unheal- 
thily being attacked wdth Macroiiporiitin at an early stage, and owing to 
th(; lateness in flowering, they were very difficult to use for cro.ssing with 
the Gadag No. 1 type. On the other hand, the Sea-Island cotton giuw' 
ijuite well in the earlier part of the season and {uodiu'ed a large num}>ei 
of flowers. Though they w^er(‘. badly attacked, later on, by the red !i>af 
blight, they did actually ripen a certain number of bulk. aii<l no diflieulty 
was found in using these types lor crossing purposes. The origijijd 
'^ea-lskiud cotton types were obtained in 1915, l>ut the niateiiat wa.s 
not completely developed as a pure line until 10-0 when the cross with 
Gadag No. 1, an account of which forms the subject of the present 
bulletin, was first made by Kottur. lie also grew the first and secomi 
generation of the cross in 1921 and 1922, but whoh? of the material 
was handed over to the present authors in 1025. iSince then the study 
of the various generations of the cross has he.fn conducted by th^'iii 
at the Experimental station at Dharwar. 



10 


STUDIES IN INHERiTANl’E CO'lTON 


IV. The Parents of the Cross. 

The })arerits of the proposed cross may first he described. The 
Gadag Xo. 1 strain of ihssypmn Ursutum was, as already indicated, 
isolated by Kottiir^ in 1914, from the mixed material contained in 
Dharwar American cotton grown at Gadag. The other parent was a 
pure strain of fSea-IsIaml cotton {Oossypium harhade/nst). The principal 
special characteristics of each of tlicse parents may be now described 
and compared. A picture of a t)'pical plant of each of the parents is 
showm in Plate I. 

1. Hairiness of peants. 

The stem and petiole of Gadag No. 1 are studded with simple long 
hairs and a few stellate hairs. The leaves, especially on the lower surface, 
are also hairy, but in this case short stellate hairs predominate, with a 
few simple hairs. In the strain of Hea-lsland cotton used, the stem, 
petiole and leaf are completely glabrous, and thus differ completely 
from the other parent. 

2. The numher of monopodia. 

The number of iiionop(tdia on each plant in the case of Gadag Ne. I 
varies from none to five, the most frequent number being two. About 
70 per cent, of the whole of the plants cxamitied have either two or 
three monopodia per plant. The number of monopodia on a numbe]’ 
of plants taken at random in three successive years is represented by 
the following frequency figures : - ■ 


.Niimbcrof iiiiiiio|M)«ji;i (rGidif" Nu. 1) 


l!)24-2ri 

1!)2-T2G 

l!»2(;-27 

0 . . , ♦ 

n 



1 . 

ill 

22 


2 . . . . 

U»i 

71 

100 

11 , 

3;i 

al 

5t 

1 . . . . 

G 

10 

1 0 

i> . . . • 

1 

7 


If • • i ' ( 


ti 


Tor AT/ 

200 

200 

200 


1 Kottur, 0. l/.- L^iarwiir .Amcricai) rutlnii : its History, Cullivatiioi uinl tuiprovc- 
iiu'ut, Bmbaij Ikpl. A>jri. Bull, lOG, 1020. 
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lu the case of the strain of Sca-Islaiul cuttuji used, iiiiin])cr of 
tijoiiopodia per plant was similar, varying from none to 13, tin' frequency 
of occurrence of difierent numbers being shown in the following table for 
three successive years 


Nuiiibor of moiiopudia (Ncii-islaml 
cut ton) 

icncv 











\:\ 

tJs 

1 . . . . 

•) 

}i:^ 

41 

ur , 


<; 



4 . , . . 




0 . . . . 


1 


t'oTAl, 


2i.l< ► 

200 


Both parents are, therefore, highly s3mipodial cottons, the Sea- 
Island type being a little more markedly sympodial than the Aiueri(>an 
type used. 


Position of fiust fkuit[Ng nnANCii. 

The position at which first fruiting biancli arist'S varies, in the 
case of (Jadag Mo. 1, from llie third to the seventh nod(' on tlu' nuun 
stem, the most frequent position being tlie fourth or fifth node. The 
<‘xact position on a number of plants taken at random in tlinn’ successive 
years is represented by the following frequency figure 


J'nMtmt! of lli'st iruitinu traiuli 
((Jadrt<4 No. 1) 

TliKin C-NOV 

.li)ii4-2o 

]02.7 20 

1020 27 

'*i'd iiodc . . , . 

7 


•> 

M .... 

10 


20 

■tib ,, ..... 

III 

:;a 

i-yi 

•ail 

71 

s 

40 

7tL 

1 


• .. 

Tor AN 

L'<KI 

200 

2i,K> 
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fu Mie case of the Sea-Island cotton used, the position of the iirsi 
fruiting branch varies from the fourth to the ninth node, with the grpate.si 
frequency at the sixth node, or a little higher than with the American 
parent. The occurrence of different positions is shown in the following.' 
table for three successive years : - 


(tf first IjfEUicli 

Island cotton) 

I'ftEQUJiycy 

m24-2o 

1020- 20 

I<.)20.27 

tOi nrxlc ..... 


11 

1 

Sth 

8 

43 

10 

full 

?oo 

m 

m 

7tli 

70 

33 

02 


10 

7 

ir. 

mil 


1 

1 

mtii „ .... 

1 



I’nTAI. 

200 

200 

20(1 


1. Colour of the petiole. 

in the case of Cadag No. J, the red colour of the jjctiolc at the point- 
it divides to form the l(‘af veins is very |)roinincnt and charac- 
teristic. Ill tlic !Sea- island coiton the colour at this point is fainter and 
pink rather than rod. The diti’ercnco is ver}' charuotcristic, and can be 
seen oven in the seedlings. 


0 . Measurement of the leaves. 

All the measurements of the leaves were made on the primary leaves 
borne at the tenth, eleventh and twelveth iiode^i on the main .stem which 
provi'd to he the most constant on the plants. Taking these as the 
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standard, a comparison was ruafii' nf th(‘ n!' didercui parts of (Jic 
1,'at in 1024-25 as follows : - 

((f) Length of haves. The leaf L'ligth was mcctsiircd Irom tlie, Ijase 
<»( the i>Iade (o tin; apex of tlic leTnilnal Uhi-, and t.h*’ froqui‘tii‘,y iu each of 
flic two parents was as folio w's ■ 



Though the mean length of the Sea- Island (;ottun leaf is greater than 
ihat of the Auierieaii type, yet the eliaraeters overlap very eonipletel}", 
and there is uo very eleai’ distinction in tins luatti'r hetweea the two 
fiareiits. 

ih) Length o/' midtlh' lolff of ienj. I'li'' freipueiicy of occur rei ice, oi 
various lengths of the middle lobe of the loaf in the two parental types is 
shown below ; -- 


Middlu lol't; JoduLIi 

GiuUvg >iu. i tS(;u.-lijkujJ 

IS— r;j luui, ........ 



L4 — 411 turn, ....... 

47 

ii 

■‘0 — iji) nii7i. ........ 

:t> 

Ki 

><) — 01 intii, 

:>*} 

2,» 

4;!'~()7 ami. ........ 

17 

}l 

as 7a mm. ........ 



71) mm. ........ 


4() 

''“-So mm. ........ 


'i') 

■'''•-•lU mti) 


a 

-1)7 nun. 


tc 


iJOn 

200 
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The lobe length of the Sea-Island cotton is on the whole greater, 
but it is also far more variable. But the character completely overlaps 
in the two parental types. 

(c) Breadth of middle bhe of leaf The frequency of occurrence of 
various breadths of the middle lobe of the leaf of the two parents is as 
follows ^ — 



FREQI'KXCr 

Middle lnl)r^ bicadtli 




GadagN’o, 1 

Sea- Ulan li 

27 — 32 mm 

,, 


33—38 mm 

2.5 

i 

39 — 44 min. . 

SJ 

y 

45— SO mm, ........ 

07 

33 

51 — 5(j mill. 

19 

0 

,57 — 02 mni. ........ 

3 

4.5 

03 — 08 mm. 


30 

09— 7 1 mm • . 


7 

tC'T.-VL 

200 

200 


In this case, as with the middle lobe length the sme of the leaf of the 
Sea-Island cotton is on the whole greater, but it is much more variable, 
while the character completely overlaps in the two parental types. 

((/) The leaf factor. This figure suggested by Leake ^ is substautiallv 
represented by the length of the middle lobe of the leaf divided by its 
breadth. Takmg this ligure for each of the two parents, the character ia 
i924-'25 is shown by the following frequency table. 




Leat fact 01 

Cadag No. 1 

Sea -Island 

0-1) 

10 

10 

I'U 

31 

17 

I'l 

40 

29 

i-2 

74 

6fi 

i-3 

31 

49 

14 . 

1-5 

S 

30 

J'OTAr. 

2(IU 

200 


Under Leake’s classitication, the leaves of both parents would be 
marked as broad-lobed, as they have a leaf factor less than 2. There 


l.eake, H. and Kiuti Pmsiid. J^tudics in fiuiiati Cottons, I’ait J. 21tm. 
A‘jri, India BoL Vul, VI, No, 4, 1914. 
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is little difference between the two, but on the whole the lobe of th(^ 
i,'af of Sea-Island cotton is a little more elouirated. 

(e) Th leaf vein angle. Another leaf character which has some 
interest in the present ease is the ati^le between the two chief lateral 
veins of the leaf, which in some measure denotes the width of the leaf. 
The character in 1924-25 in the two parents of the cross is sliown in the 
lollowing frequency table. 


r.eaf rein angle degree^j 

Fki'm 

Oadag Xd. 1 

'1 Vl'V 

Sea-Islaiul 

fie - - 7i 

4 


;■> -so 



SI -8('» 

4l> 

1 

77-91* 

9/ 

4 

'Cl -98 

21 

12 

99 -104 ........ 

Is 

r>i> 

1"V~] 10 


91 

Ill — IK) 


is 



1 - ‘1 — 1 28 


19 

129 t;{4 


I 

To'i'Ar, 

2UU 

200 


It will at once be noticed that the angle is on the whole very much 
greater in Sea-Island cotton than in the American parent. There is, 
however, a good deal of overlapping which must prevent its being used 
‘is a diagnostic character. 

(/) Length of jietiolc. The Sea-Island cotton parent has, on the 
whole, a longer petiole than in the iVmericaii parent, but again there 

B 2 
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is so much overlapping as to prevent the character l)eing useful in hi;i. 
gnosis. The following frequency ligiires, from the ll.'i2d-25 crop, sh(tv, 
this clearly. 



FaEQcruiCY 

Ijcngth uf vetiut 




Uaiiag No. 1 

Sea*Islau'J 

Helow jj iiuji. 



oO — Oj nun. 

IS 


U(j — 75 mm 

y<v 

22 

Te—H5 mm 

-16 

2t) 

8(j— ^5 mm 

.5 

J2 

yti— lOo mm 


50 

106 — 115 mm 


JO 

IIG — 125 nim, ...... . 


JJ 

Over J26 lutn. 


1 

'lOIAI. 

200 

200 


6. Measurements oe the eiucts. 

*L'he bracts show \'i‘rv characteristic dili'ereiiues m the tvvo pHrct.iu 
used ill llui cross under di.sciissiojc In order to ensure the measure uiein- 
hcing coinj^arablc, the bracts of iieuiy upeiicd flowers on the first "v 
second' node of the tenth primary fruiting liranch ^v(’re always taken I'.t 
comparison. All (he following comparisons were done on the 1921--') 
crops grown sidi^ by side at Dharwar. 

(a) Length oj bracts. The. length of the bracts was very ditierent ai 
the tvvo pareJits as the following frequency table shows. 



1 T'KEyUiiSOi 

l-tracb ieugLb. 

j (tadttg No. J 

■Sua-fi^kn'f 

17 — 10 mm ■ . . . 

5 


2U — ^22 mm . 

s 

2 

2J~25 mm 

5o 

2 

26 -2S mm. ........ 

Ho 

6 

26- :J1 nnii 

J7 

24 

52- J1 miii 

J2 

-17 

J.5 J7 min 

2 

55 

:?S 40 inui 


JS 

1 1' -IJ mm, 


6 

It -46 nun 

Total 

2(MJ 

1 

-1 

2tlO 
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rhoiigli tlie is most striking in (lie iield thoro is so much 

nV(‘rlapping in this character that it seems to l)e of little \ise as a rlia- 
^nostio character. 

[h] Width of Irracts. The bracts in the Sea-lslaml tvi>c arc. on the 
average, distinctly larger in every way than in the AiiKTican jjarent 
(Ijadag No. 1) but the sizes overlap a good clcah as the following frequency 
ligures indicate. 


Bract width 

Freqiirkcv 

Gmlag X.>. 1 

Sen -Island 

!l~li mm 

3 


12—14 mm 

■ 30 


17 mm 

ry; 


18—20 min. 

07 

17 

21 — 23 min. , , 

10 

211 

21 ■ 20 mm, . , 

- 


J7 -2!i UHii. . . , , . . 


.->s 

:in — 32 mm, ........ 


2 :. 

mm 


•> 

'I'uT.vr 

200 

200 


(t) Nmrdier of teeth per hracl. In this character also the average 
tigure is higher with the Sea-Island parent, but again there is considerable 
overlapping, which prevents the use of the character for diagnostic, 
purposes. 


Teeth per braet 

I Frkqck.sov 

i Nil. 1 

Seal'^huid 

G . . ... . ! \ 

i 3-J 



j as 

1 

7 i 

;o 


8 

:u 

11 

9 1 


.U 

10 ! 


oa 

11 , . 1 


.iG 

12 


10 

i;j 

'roiMf. 

2»>0 

3 

200 
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7. T^Yower characters. 

The difl'ereiues in i'rfi])ect to sov'eral flower characters are distinri 
and uniform. Thus the colour of the petals of the freshly opene<! 
flowers in the Gadag No. 1 (American) type is always white, wliiit; 
that of the Sea-Island parent is bright yellow. With regard to the 
petal spot or eye, so characteristic of the flower of certain cotton 
varietif's, this is always entirely absent in the Gadag No. 1 parent, while 
in the Sea-Island type there is always an extensive bright red eye. 

In the matter of the size of the petal, the average length is very much 
greater with the Sea-Island parent, but in this character, as in so many 
others, the figures obtained from different plants overlap. The following 
frequency figures show the results obtained with the 1924-25 crop, 
faking the same flowers a.s standards as were used in the bract measure- 
ments. 





' Feequenot 


Eetal lengtk 


Gadag No. 1 

Sea-IslaiKi 

19—24 mm. . 



21 


26—30 mm. . 



86 


31—36 mm. . 




37 

37—42 mm. . 



6 

94 

43 — 43 mm. . 




64 

Over 48 mm, . 




5 



Total 

200 

200 


8. Boll characters. 

One of the striking differences between the parental types is the 
colour of the bolls, which forms an easy diagnostic character in the field 
In the Gadag No. 1 parent the colour is light green, easily distinguishablf 
from the bright green and shiny appearance of the Sea-Island cottoic 
The surface of the bolls in Gadag No. 1 is smooth, and glands appeal 
simply as sjiecks here and there and are hardly visii)le. On the other 
hand the surface of the 8ea-Jsland bolls is rough as the glands are .situated 
thickly and appear very prominently, forming a very marked distinction 
between the types. 
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As regards tlie number of loculi in the bolls, the mean number was 
ilotermined for a largo number of plants of both t> pes. all the bolls on 
Ccicli plant early in February being used for the determinations. The 
results are shown in the following frequency tabic. 


Meat! number cf Joculi per boll 

FRF.lJI 

LNCV 

GaUag No. 1 

Sc.r-J.sknd 

3*0- 31 


179 

3'2~33 


21 

3'4~3'.^ 



3'«-~-3'9 



4’0— 4-1 

132 


4-2— 4-3 

28 


44 

5 


Total 

200 

200 


We have here, in the number of locks per boll, a matter in which the 
types are quite distinct, the Sen,-Island cotton being almost exclusively 
a three lock type, with very few bolls with four locks. On the other 
hand the Gadag No. 1 is chiefly a four lock type with relatively few bolls 
with three locks and a few with five locks. 

(«) Length of boll. The basis of measurement was the average of 
ihp bolls per plant in 1924-25 obtained by measuring, by means of calli- 
pers, five well developed bolls per plant from the nectary at the. base (o 
^he tip of the bolls. The results show that while the Bca-Island type has a 
dightly larger boll than Gadag No. 1, there is no really recognizable 
distinction on this account. The following frequency figui'es illustrate 
this. 
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uf 111, 11 

i‘TlE(iUKXC'V 

C.-cIajf Xo, ] 

Hcit -Island 

gO— 28 inm 

1.“] 


29— :n mtti. . . r: 

17 

33 

.31 ram 

S6 

33 

35—37 ram 

52 

57 

38 — 40 ram 

2 

50 

41—13 mm 


18 

14—10 imji 


,3 

Total 

200 

200 


(6) Lifimeter of hoik The method of ohtninio^ standard figures for it 
larg(; number of ])lants of eneh |)Hrerit;U type with regard to this character 
was the same as that adopted in determining the length of the l)olJ^i. 
The lollowing fretjueney ta}i](' shows tliat tliero is little dih’ereniM', in tlie 
two types examined: ■ 


ItaiiUdc! rd ImiII 

Frix/i 

Cada-rXo, 1 ; 

^r.Ncv 

yca-lsland 

2(t— 22 ram. 

.31 

JS:' 

23- -25 (tini 

na 

57 

20 — 28 tnm. . 

52 

It 

20—31 ram. ..... 



TuTAI. 

200 

200 


9. Staple of mivp 

As the main purpose of making the cross des(Tibed in the present 
hulletiri was to inoretise the length of staple in Gadag No. 1, considered 
as a type of Dliarwar American cotton, the stud>' of the staple of the 
parental types lias special interest. The method adopted in determining 
the lengt.li was hy combing out the lint oo. tiu' sml, and measuring thost- 
that start from the middle ol the seed. Fiv(‘ bolls per plant were taken 
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f.ho. menu of tiu'sc live inoasureiot'nts was taken as ropve.sontiii.^ 

rlnit plant. 

The results of suck staple measurements it\ (lada^ No. 1 in four 
.'iiceessive seasons are shown below ; - 


Ungth of staple (Gadag No. 1) 

FnnQTT.KCY 

1923.24 

1924-25 

1 925-20 

1920-27 

i:; -15 




1 

10—18 

<1 


5 

10 





r , 

iU “21 iniii. • . . . • 

.j, 




■Ji* — 24 mill. ..... 

34 ■ 


5; 


_’j 27 mni. . , . . ■ 

i 

10 

13 

3 

Totu. 

loo 

10(1 

]0('! 

me 


The lint from mos(, of the plants has a staple, tletermincfl as iihovc 
.|esriib(‘tl, of between ID and 24 millimeters. 

We jna.y compare with this the lint from the jnx)[)Oseii 8ea-lsl:iml 
|iiiO‘nt wliicli came as follows ; - 


LriiLOli <•{ Sia.pie. (Sea-Island CwtloiP 

Ff',i:Qn..NfW 

1923 -24* 

1924-2.5 

192.7-20 

1920-27 

2s- -3'i mm. . . . . • 



10 

5 

!i' —33 Tiini. ..... 



10 

3 

31 —30 mm, ..... 

4 


'/2 

20 

37- -39 imn. ..... 

24 

13 

2.7 

7.S 

|ti -42 Him. ..... 

24 


13 

IS 

13—45 mm. ..... 

2<S 

33 


r> 

m;-~ 4S mm 

12 




mm 

S 

1 



ToT,\n 

KlO 

]00 

j(Kt 

100 


The actual detenu inationa of staple in 1923-24 were only done with seeds from p 
plants, but they hnvc been calculated to 100 plants so as to compare readily with the 
"thers. 
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The Opening of the bolls in the Sea-Island cotton in 1925-26 and 
1 926-27 was very bad, and hence the reduction in staple. But without 
c.ven allowing for this, it will be seen that all the plants used have a higher 
staple than any of those of Gadag No. 1, The lint from most of the 
plants has a staple, determined as above described, of between 3-1 and 4.j 
millimeters. 


10, Ginntxo percentage. 

The produce of a number of plants was ginned on a roller gin and the 
proportion of lint to the wdiole weight of seed cotton determined for a 
number of plants. The results of such determinations in Gadag No. ], 
in four successive seasons are shown below : - 



Fkequencit 

Ginning pero-onlagfi (iTBdag No. 1) 

L923-24 

1921-25 

1925-26 

1926-27 

23 — 26 per cent 


5 



27—28 „ .... 

2 

10 

1 

1 

29—30 „ .... 

8 

21 

7 

14 

31—32 „ .... 

35 

34 

38 


33-34 „ .... 

40 

20 

43 

32 

35— 3G .... 

13 

S 

7 

7 

37—38 „ .... 

' 2 

1 

3 

1 

39 „ .... 


1 

' i 

I 


I’ni-AL 

lOO 

100 

loO j 

100 


The. most frequent ginning percentage varies from 31 to 31 
per cent, 
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VV'^e may compare witli this the ginninj^ (mttiirn from tlio proposed 
Sea-Island parent which cume as follows ; 


Oinmiig percentage (Sca-islautl eoUoii) 


F^oli..\cv 


1023-21^ 

1921-25 

ia25-2() 

1920-27 

J a— 1 1 per cent. .... 



7 


1J-I3 .... 





H M .... 

S 

1 

15 

1 

lt)-17 „ .... 


I 

)2 

1 

IS— iy „ .... 

S 



le 

CU— 'il ,, .... 

„ .... 

20 

J',: 

■' 

tl 

I'l 

V4-25 .... 

32 

21 

U 1 

is 

r0-‘27 „ . . ■ . . 

20 

jy ! 

- 

0 

28-29 „ .... 

L2 

s 1 

1 

1 

0 

30 „ .... 




1 

Total 

1 

100 1 

100 

100 

100 ^ 


Of course, the ginning is far lower than with the American parent^ and 
is far more variable especially when the crop grows badly as in the 
last two years recorded. But there is a certain amount of overlapping 
in this character, which prevents it being used as a diagnostic character. 


11. Lint index. 

The lint index is the w^eight of lint per one hundred seeds, and, there- 
lore, indicates the amount of lint obtainable irrespective of the size ol 
ihe seeds themselves, ^^liere the seed weight the same lu two types ol 
cotton, the lint index and the ginning percentage give similar lelation- 
"hips. This is the case in the pi'esent instance and hence there i.s Jio 
special need lor dealing with the lint index separately. 


* Fruiii pliiiits only. 
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Tlie seed weiglit sis determined id llie two oases in three successivt- 
years may lx; recorded. Tlie results witli tiradng No. 1 are a,s follows 


Seed weight (Ciadag No. 1 ) 

l’BrQeE>?CY 

1924-25 

1925-29 

1926-27 

5 — fi gnu, . . , , . 


1 


7—8 

15 

30 

20 

i)— Id 

02 

01 

73 

11-12 , 

21 

1 

7 

i:?— u „ 

2 

1 


Towi, 

100 

100 

1 

100 


Cni'res|ionding figaros foi' ihe Si'a- Island parent are as follows 


Heed w^'ight (Hea-liiland) 

FUEQUiiUCV 

1 

1924-25 1 

192.5-26 

1926-27 

.j if * ... 

' 

10 


7-8 , 

11 

11 

23 

9-10 

/-■; 

// 

5-V 

It— 12 

11 

! H 

23 

1.3-14 



1 


’too 

100 

loo 


Id both eases the mode is. in every year, between 9 and 10 grams per 
100 seeds. 


12. Characters of the seed. 

The seed.s of the Gadag No, 1 parent arc entirely luzzy. the fuzz 
being greenish white in colour, while those of the Sea- Island strain are 
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itakeci with little hv//A at the tip ami on fha I'aiilu*. In this rase, thr 

luzz IS green fading to Ijrowii in sonu; rasrs, differing tlins itiarkodiv 

I'run) the light greenish white fuz/ of < lacing No. 1. 

foasidering the whole of the rhaiiirters ihr jriivol.s tff ihr [aoposed 
eross, it may be stated that wc liave two strains of rollon verv similar as 
to the general growth of the plants, hot h bring s\ tupodiul types, and as 
to the seed Nveighl. They are not widely different in all thr leaf 

rharacters, except the coloni’ of the petiole at the base of the leal. 

They differ to some extent as regards the number of teeth in the 
bracts, and the ginning percentages of the seed cotton, Imt the differences 
do not separate the types cojnpietcly. They arc, on the other hand, 
contrasted with one another in their characters as shown in the following 
list 



Undag No. I 

Sc:i. Island 

l. HHii'inests ul .-ittiu, pftLi'.'lc,, arid IimI . 

Fully baiiy . 

Ui.dmais. 

2 , Culuiu' ut jnilviiiiis .sji'jt . 

Ibd 

Olid.. 

•>, <\tluUI' uf rlo'M‘1 ]K'tals 

WIlllL . 


1. ( ut'iiml I'Vr in iiuwt r , 

Ab.<.('ji1 . 

PrCM 111 bii;:lll ivd. 

■>, I'utal lengUi , . , . 

J b to iib iiiiii. 

;i 1 O' •'>{ in III, 

0. Oftlnni' of bolt , , , . 

Light gifcu and dull 

ti'C'ii ami sjtdii- 

tnc. 

7. buifaco ni boll 

^luooth 


S. Mfcitii uutobfi' ot luculi ill boll , 

rCTt.i'ld 

.‘► o Oi .‘i r. 

d. Jveiigth ol' biapk' .... 

id to i!7 mill. 

uS In 4s Mire. 

Jo, t'UW. oil KCi'ii .... 

bet'd lu^z) 

Sect! juiktd esetpl 
for little fttw at 

Mils. 

1). (AjIuuc ul' iivrd lu/7. . . 

! 

tircrli, l.tfiillg Id 
t.tj’'.nYn. 


We .shall now see how these conlraslrd ciiai'artcr.S; ;ind a lew of thr 
others already Jiamed, behave on rrossirtg the parriiUil types demibed. 
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V. The Method of Selhng and Making the Cross. 

The fact of natural crossing among cottons grown near one aiiothtu’ 
is now generally recogui/ed, though the anioiuit of such cross ferliliza' 
tion varies much with different types of cotton. Balls’^ has showii 
that about 5 per cent, of crossing takes place with the Egyptian crop, 
and Leake^ has reached a similar figure for the north fndian cottons. 
Kottur^ working with Kumpa cotton and Patel^ with Gujarat cottons 
(both being types of Gassy phim herbaceimi) state that about 2 per cent, 
of crossing is normal. It is probably largely brought about by insects 
and especially by bees. 

The amount of cross fertilization which would normally take place 
between Gadag No. 1 and Sea- Island cotton at Bharwar was determined 
by growing these in adjacent lineSj two feet apart. No other American 
cottons were grown anywhere near. The seed obtained, from each row 
was grown separately. The result .showed that out of 375 plants from 
Gadag No. 1, not a single one was found to be oS the type^ but out of 
178 plants from tSea-Island cotton, eight plants were not true to the 
Sea-island type, and resembled exact!}' the lirst generation of the cross 
between these cottons. These figures indicate that cross fertilization 
does take place, but that it is more active when Sea-Island is the female 
parent, possibly because the flowers of this type are more attractive to 
insects. These figures indicate T'o j>er (“cnt. ol crossing in this particular 
case under the conditions described. 

As crossing dots take place it is necessary to protect the flowers in 
all cultures from such natural crossing and the method used for doing 
so was by ringing the flowers in the manner described by Kottur* 

The crosses were made by eniEisculating the flowers of what it was 
intended to make the female parent early in the morning before 8.0 
AM., using flowers which would open the same day at noon. The flowers 
thus operated upon were then protected by small paper bags. The 
pollen from the male parent is then applied at about 2-0 p.m. on the 
same day. One pollination was found to be sufficient, and over 50 per 
cent, of success in ripe bolls was always obtained during five years of 
work. In all the crosses made and recorded in the present bulletiiij 
the American cotton, Gadag No. 1, was the female parent, and the Sea- 
Island cotton was the male parent, 

W', L. Cotton Plant in Pjjypt, Loudon (1919). 

“Leake, IL M. and Flam Pm sad. Studies in Indian Cottons, Part I. Mem. Dept. 
Agri, Ltidia, Bot. Ser.^ Vol. VI, No, 4, 1914. 

® Kottur, G, L. Studies in fnheritance in Cotton I. Mem. Dept. Agri iTulia, Bot, 
tier., Vol. XII, Xo, 3, 1933. 

* Patel, .M. L. and Patel, S. J, St tidies in Gujarat Cottona, Part IV : Hybrids between 
Broack-Deshi and Goghari Varieties of Gossypium fittbaceum. Mem. Dept. Agri, Ijidia, 
But, tier., Vol. XIV, No. 4, 1927. 
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VI. The Characters of the Hybrid Plants. 

The cross between a pure strain of (iossupi hih hir.sulufn (Uadag No.l ) 
:ui(l one of Gossypium harhmlense (Sea-Island coiiou) already described 
was hrst made by Kottur in 192b. The generation of the cross was 
orown at Gadag in 1921, and the F, generation from self fertilized Howers 
ill 1922. Unfortunately the rains failed that year niid ih(‘ whole cro]) was 
lost. The and F^ generations were again grown from reserve seed 
iit Uharwar in 1923, when the work was transferred to the j)resent authors. 
Since then the and Fo generations ha\'c been thoroughly studied, 
the Fj generation grown in 192'!:, and the F,j generation in 1925. In 
the present chapter of this bulletin, the authors wish to follow, through 
those four generations of the cross, the behaviour of the characters 
already indicated. 

(A) Hairiness of the fl.vnts. 

Uu account of the supposed relationship between hairiness and resist- 
aticc to red leaf blight, there was special importance attached to the 
study of this character. Starting with the fully hairy Gadag No. I 
type and the totally glal.irous plants of Sea-Island cotton, it was found 
that the generation of the cross gave plants the stalk and petiole of 
which were quite glabrous (except for a few' hairs at the point wkere 
the petiole joins the blade) and the leaf on both surfaces, was sparingly 
hairy. This behaviour suggests that the hairiness on the stem and 
petiole is a recessive character, and that on the leaf is incompletely 
doiihnent. 

In the F., generation theri^ was a splitting of types giving plants as' 


follows ; — 

Total imiiiljcr of plants cxauuaod 774 

V'ory hairy plants like Gadag Xo, 1 (H) , . . , . ;h 

iStom, petiole and leaves sparingly hail y (Sp. K) .... 7.7 

Leaves only hairy as in ly generation (Ij, .Sp. H) ... TsS 
Glabrous pharit.s like Jiea-Island (G) 2siJ 


Taking the first two t}TJes (li and Sp. H) together, the proportion 
between the three kinds of hairiness was as follows : — 


Hairy typos 

j Loat only liai y 
ty].!C.s 


(dahroiis typo.< 

1 


2-04 


It was noticed that 66 per cent, of the hairy plants escaped red leaf 
blight altogether, while most of the glabrous types were very badly 
attacked. The close connection of hairiness with iinmunily from this 
disease seems clear. 
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1'hc ol' a uuiiibe.!’ of plants of each of the above four types who 
U i'<.>\vii iri the by generation with results us now described. 

I. hour plajits which fully liahy, like (ladag No. I in I hr l‘, 
geucralioji yielded progeny in the b’j generation as follows : 



As the dilferciicc between th(> '' H ” and “ Sp. H ” is merely one of 
flegrcc w'c may say that 2(iT out uf 21 ’2 plants had the. liairy charactrr 
more or less dcvelop'ed of their puKuit in. the F._. generation. 

2. Eight plants which were sparingly hairy (Sp, H) all over in tlc’ 
ho generation yielded progeny in th(i F.j generation as follow.^ : — 



The results arc of three classes. The tir.st three give large proportioi! 
uf progeny without the hairy eharacter uf the stem and petiole hiu 
retaining that of the leaves. The number of such plants is from 1‘8 t<- 
2 ‘75 times that of those retaining the liairy character throughout. 
The second class (plant;.s [ to 7) retain the generally hairy Lharacter it! 






STUDIED rN INHEBITANCE IN COTTON 


29 


the gteatei part of the progeiiy, the lumibei’ of such plants beiiig from 
•ppto 7’1 times greater than those with liairs only on the loaves. Tlic 
,nglith plant has a substantial proportion of glabrons plants, but other- 
wise it gives results similar to the second class. 

It seems clear that whatever influence has caused the reduction in 
iho hairiness in the ?.> generation has continued its activity in evrlain 
(■:i.<;cs in the progeny. 


o. Twenty -three plants in which the leaf only was sparingly coveted 
with hairs (L. Sp. H) in the generation yielded progeny in the F.^ 
generation as follows - 


I’laut 

Total number 

Kaistness 

l.*iuu’i,i[:Tri'> or ci.ASSKs 

Xo. 

t)f progeny 


.Sp, j{ 

L. SSp. H 

(4 

H and ;7p 
H 

L. sp. ir 

(4 

1 -4 

234 

u 

0 

234 

0 

U 

1 

0 

:> 

SS . . 


11 


0 

1 

ys 


'' 

ss 

1 

13 

74 

0 

I 


0 

‘ 


1 

!l 

47 

0 

I 

4-7 

6 

j 

aV . . 


12 

42 

0 

1 

2 b 

li 

(1 

41 

0 

0 

22 

10 

0 

1-- 

1 

m 

:j(i 

(.t 

(1 

30 

0 

0 

5-(i 

1 

ij 


u 

0 

15 

24 

>• 

0-6 

P 

12 

31 

1 

0 

14 

16 

0’06 

O'O [ 

i:i 

30 . 

0 

0 

14 

16 

0 

(rit 

1 

i ( 

. 

7S . 

1 

0 

7 

i <'7 1 

U'OI ' 

0 1.7 

f 

i:. 

jo 

0 

0 

27 

1 13 


2 ll 

' 

M. 

7li 

(j 

i) 

i ' 

31 

:pi 

3) 

oo:; ' 

1 

1 

1 

in 

74 

n 

i 

3.. 



1 (! 

1 


76 

n 

' a 

70 

; 3 

1 i 

1 . 


!».i 

1 

s 

M7 

VM 

o 1 1 

2 A 

: 

:’l 

Si 


1 

06 

0 

0 7 

7 •3 

1 

22 

SS 

3 

s 

74 

3 

i 3-7 

21-7 

! 

2:{ 

73 . 

6 

ll 

37 

i 19 

l 

t'O 

20 

1 
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Jn this cas(3 it is evid^'iit that we are in face of a very complicated 
problem in inheritance. Certain plants {1 to 4) have bred true to the 
character in the parent. Others '(5 to 8) have given no glabrous progeny, 
but a variable pro|K)rtiori of plants hairy all over and only on the leaves ; 
a third group (!) (o 20) with a vitv varying [proportion of glabrous plants, 
but siibstantially as completely hairy ones ; and a fourth lot whieli 
gives a considerable [proportion of all degrees of hairiness. The 
generation may enable this confu-sion to Ipc chuired up. 

4. Thirteen plants wliich were glalprous in tlie generation yielded 
progeny in the gpuieration as follows : — 


[Plant 

No. 


Sp. H 


L. 8p. H 


14 

38 

28 

30 

1)9 

27 
73 
32 
48 
32 
(i2 
.30 

28 


14 

3t 

26 

28 

96 

25 

72 

30 

44 

32 

.59 

48 

2? 


Here we have glabrous plant.s giving almost entirely glabrous progeny, 
but out of a total of 558 [plants .4 are generally though s]>a.ring]y hairy. 


and 24 are sparingly hairy on llie huives only. Though, therefore, th^' 
ghihrous character breeds almost true, yet this is not. etitin'lv Cie ea^e. 
and the matter demands further investigation. 

To elucidate tht: inheritance of hairiness further seeds derived from a 
number of plants of known character in the F.^ and V.^ geiierations 
were grown and the results in the F^ generation noted. 
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(fi) All the- -plants rvith one which were fullp kainj (//) or 

i’lwtplctehj but spanngU/ hairy [Sp. If) hi the F, nud (jenerationfi 
bred true to the hamj character in the F,^ yeneration : thougli tho extent 
of tlie hairiness varied much. The rccoi'ds for the progeny of thirty 
Kj plants of this kind are given : - - 
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Plant 

X«. 

llaintu's'i iPi F, 

Total No. 
of i>rogc‘]iy 

Hairtnkps in 

H 

8p. H 

L. Rp. JI 

r; 

24 

Sp. J1 . 

12 

7 

5 



26 

8p. H . 

!4 

14 




2(j 

8p. H . 

9 

7 

2 



27 

}1 . 

TO 

3(i 

34 



28 

II . 

II 


<1 



2^ 

Sjj. H . 

;;i) 

8 

22 



30 

8p. U , 

43 

12 

31 




The fully hairy plants (H) in both the and generations lia\ !' 
given a larger ])roportioii of very liaiiy plants in the generation, 
but apart from this thei'i' dues not seem to be much relationship between 
the extent of hairiness in the dihereiit generations of the cross. 
position is .shown in the following (i gores n - 



Tlairiue.'i?! iti F, 

lliiiniK.’''.-' Ill F. 

Piojioiiion ( 

L „ 

if hiiiiiiie.ss in l‘'i 




:h 

Sp. H 

1 

H . . 

H . 

T48 


10 

& 

H . 

8ii, H - . . i 

007 


JO 

3 

11 . 

H . . . 

U-9S 


1-0 

4 

8p. H . . , ! 

8p, H . . 

0-80 


1 


The one example (No. 'Jo in the (aide givoi aboxnd wliert' a j plain 
derived from hairy parents in F^ and F^ generation appainnitly gi\in 
progeny with glabrous stems and petiole remains at present unexplainept. 

(t) All the plants w^hich were fully hairy (II) in the Fo and In 
generations have given hairy progeny (fully or sparingly) in the 
generation. There is no exception to this. 

(c) The progeny of plants, which were sparingly hairy (Sp. 11) in tin 
Fg generation, but seed from which gave hains only on th<‘, leaves (J^. 
•Sp. H) in the Fg generation, gave varying results in the generation. 
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rjs would be expected ; tbe resnlts for ilu' proj^ctiy of (> plants' are 
;ip follows ; — 



In this case ib is obvious that we have a condition iu which seeds 
may he obtained either (1) breeding true to hairiness (plant No. o). (2) 
breeding true to hairiness on the leaves only (plants 3 and i) and (3) 
splitting into hairy plants and those with hairiness only on the leaves 
(plants 1. 2 and b). Xo completely glabrous plant app('aia‘d. 

{(I) The fTOije^nj of plaitl.'i, irhick h<id hairs only on the leoces [L. Sji. //) 
ill the F.^ generation^ behaved iu a variable manner ac(;ordiug to the 
character in the Fg generation. The results may be seen in the following 
figures 
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Hairiness is F, 

Plant 

Hairiness Iti !•';( 

'iota) 




i\o. 

(jf ! huitr^ 

II 

Sp. H 

1./. Sp. H 

U 

U 

L. S[>. 11 . 

:]'> 

0 

1 

34 


ID 

0. iSp. H . 

71 

12 

It) 

43 


11 

L. Sj), II . 

SO 

0 

1 

.70 


12 

J.. Sp. 11 . 

SO 

0 

0 

.70 


13 

L. Sp. H . 

41 

0 

0 

. 41 


14 

L, 8p. H . 

37 

0 

a 

37 


Iti 

h. Sp. II . 

.71 

0 

0 

.71 


IC 

L. Sp. H . 

71 

1 : 

30 

<) 

14 

17 

L. Sp, }[ . 

1(F 

0 

0 

40 


18 

L, Sp. 11 .. 

12 

0 


40 



L. Si>. H . 

;13 

0 

0 

33 


2U 

L. Sp. H . 

27 

0 

0 

27 


21 

0. Sp. 11 . 

0<t 

[ 

oS 

3 

■> 

22 

L. S[i, 11 

18 

2 

10 

(.') 


In 

summary those results 

may be stated a 

•; folio vv.s : 

— 


(1) If the F2 parerit has only tlu* leaves hairy and {he phnt is 

fully hairy all the plants in h\ generation will be hain 
throughout—either fully or sparingly. This is the case in 
208 out of 209 plants. Tln^ glabronsness of one plant is a> 
yet unexplained. 

(2) If the ¥-2 parent has only the leaves hairy (L. Sp. H) and the 

phnt is wholly but sparinyly hairy {Sp. H) all the plant- 
in the F4 generation will be liairy throughout either iully 
or sparingly. This is the case in 141 plants out of 142. Tin- 
fact that one plant has only the leaves hairy is as yet 1111- 
explained. 

(3) If the F2 parent has only the leaves hairy (L. 8p. H) and the 

F3 plant is similar to the Fo parent (L. 8p. H). the result 
varies out of fifteen progenies in the Fj generation. 

(a^) 11 progenies are/ almost exclusively of the same character 
as the F3 parent. This is the case in 424 plants out 
of 429 in the progenies. 
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(6‘) 1 progeny gives plunis liairv throiigHoiit (H und Sp. H) 
and plants with only tlu' leal liairy (I a Sp. 11) in the 
proportion of '28 to 13 (1 io I'o l), 

[c') 3 progenies give plants hairy throughout (U am! Sp. 11). 
plants with only the heaves hairy (L. Sp. 11) ami the 
ghihrons plants (0) in the proportion ol \rl : 'I'l : 25. 
This is equivalent to l ^ : 1; i'l. 

It is clear that in this case we have a mixture of plants hreeiling 
true to the L. Sp. H character, of plants containing both the laetor 
(loveloinng leaf-hairiucss and general hairiness ol the plants. and <)t 
plants which contain all the elements controlling hairiness, ddie 
pr()])ortion between the minibers of each (hass does not cnabh' us to 
decide the nature of the heredity in this case, but they ceitamly 
suggest a. complex nature for the character ol hairiness. 

""^c) All the plants (with two exceptions) whicli wc-re glabrous 
((f) in the F. and F, generations lired true to the glabrous character 
in the Kj generation. The two exceptions were slightly hairy oii 
the leaves only. The records for the progciicy ol four F, planis ol 
this kind are given. 


i’luiU 

N.>. 


Net. oi 


ltAli:iM>S l.N 1', 


Mairitirss in J' 

plcints 

il 1 

S|>. it I 

1,. Sn. 11 


] 

(i . . 



(1 

' 

c>.3 

- 

G - • 

2l> 

u 

" 

1 


3 

ti 

7 


" 


‘ 

1 

1 . 

. 



i n 

i 

■* 


Kroiii tliis study of tlic iiiliintaiice of hairiuoss lu .-ottou lu .■omuT- 
tion with the first tour generations ol tin- eioss Ijctwccn Coe ag . o. 
and Sea-Island cotton, we may conclude tlnit it is .pnte [)ossinle lo 
obtain stiain.s which arc hairy all over aud br<‘ed liue to this i laractir 
(though the amount of hairiness will vary) aud also .^iraiiis w i><^i <ue 
glabrous and breed true to this character. Ihe rilatiuu.. up ween 
the number ol caidi class in any progeny arc not su. li as to indicate that 

the character is a simple one. . 

All the glabrous plants substantially l)i'e€d true, lliroughout indicating 
that the absence of hairs is a rcccs.sive character. Ihe ])lants which 
lire only hairy on the leaves may breed true to this c larai.ui, oi ma\ 
give progeny 'with every type of hairiness, including its abheuce. 
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(B) Colour of the spot on the pitlvinlfs. 

At the base of the. leaf, as has already been described, the petiot- 
is coloured In-iglit red in the case of Gada.g No. 1 parent, while this spot 
is smaller, and pink rather than crimson in the ease of the Sea-Tslan.i 
parent. The a\ittiors are not aware that the inh(ritanee of this chaiartci 
has ]}een previously studied, and, except as a means of identifving Ihri 
types, it-s study has only au academic interest. 

The plants of the generation of the cross bear a spot of inU-r 
mediate character at this point, being pale re-d in colour and of intoi- 
mediate size. 

In the generation, a very minute naked-eye examination of a 
large number of plants in the seedling stage ga ve the following results ; 


Total number of pfants ex-amined .5S5 

Ijeaf spot, large and Crimson, like Cadag No. I .... UiT 

Leaf spot, intermediate, like the Fj plants .... 2e7 

Leaf epnt, pink, like Sea-Island ....... jai 


This gives a proportion between the different types of leaf spot 
follows - 


Crimson leaf spot 

liit-ermediatc leaf .«pot 

J’ink leaf i-iiot 

I 0 

1 -(>0 

0<)l» 


The seed of a nmnber of plants of each of the above three types weiv 
grown in tlie generation, with results now described. 

1. Twelve plants with the full crimson leaf spot (like Gadag No. i 
in the Fg generation, yielded progeny in the Fg generation as follows 


Plant 

No, 

Total No, 
of i’lantg 

Number of flants 

I’roportion 

1 Red 
spot 

Inter- 

niediate spot 

Pink 1 
spot 

Red 

sjmt 

later- 

raediate spot 

Pink 

spot 

1 

77 . 

! 

76 

0 

1 

1 

1 

u 1 

O'Ol 

2 

33 , 

33 

0 

0 

1 1 

0 

0 

3 

r,\ 

51 

0 

0 

1 

0 

0 

4 ' 

70 . 

75 

0 

1 

i 

0 

0-1)1 

5 

311 . 

37 

1 

1 

1 

002 

0-02 

0 

24 . 

24 

0 

0 

1 

0 

0 
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:^7 


1‘Luit 

N... 

Nt.. 

"f 

Numukk of flan r.« 



i’Ul'FlIlITtON 


R‘J 

riitov- 

(‘ink 

K,:.! 





spol 

niodiiUo fijti'l 


Sli.it 

'Hr ll:U.i' 

sji .1 


.'j'l 

a; 

r,4 

■\r, 

1 

0 

1 

i 

1 

1 

„ 

on* 

- 

<;;) 

(17 

1 

1 

1 

i 'H)l 

iV(l| 

K. 1 

7‘J . 

7H 

! j 

1 ^ 

1 

1 > ■ 

u-(rj j 

u-iM 

1! 

2ti . 


0 


1 1 


„ 

[■2 

"■ ' 


! i 

! 

i 1 ' 

1 o-o:. ! 

i 0 


The plants breed substantially true to the character of a larjrp red 
jtulvinus leaf spot. 


'1. Thirteen plants with a leaf spot of intermediate charaetej; (like 
tiie i\) in the generation, yielded progeny in the \\ generation as 
follows ; — 




NuMBLK of 1‘LAN'l'S 

PaOIMlK 1 lii.S 


11am 

Xn. 

Total No. 
of plants 






Ki‘d 

into)-- 

Pink 

H(n| 

biler 

Pint 



spot 

mediate spot 

.SiJOt 

spot 

niodiatosi..,; 

1 ^)).lt. 

1 

1 


4 

7 

4 

1 

1-7 

PO 


•If) . 

]1 

29 

1 1 

1 

I'l 

Pi) 

•i 

48 . 

12 

2:'. 

18 

i 

1-9 

It) 


(i!) . 

10 

:j7 

10 

1 

2-8 

1 (> 


64 . 

lo 

:12 

17 

1 

2-1 

PI 


109 . 

29 

yo 

2o 

J 

Pit 

Ul) 

- 

20 . 

7 

18 

0 i 

1 

1-9 

IT 

S 

44 . 

10 

2-1 

If) 

1 ! 

2'4 ^ 

1-u 

'J 

02 . 

10 

1 

81 

l-l 

1 

19 

PO 

J(j 

41 . 

1 

9 

14 

s 

1 

1-9 ! 

1 )»!t 

Jl 

T4 . 

is 

:{o 

1 

1!) 

1 


1 ' ' 

\2 

(».“> , 

17 


' 19 

1 

1-; ' 

1 1 

la 

44 


'' 

1 

i 


u .s 
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If all these are taken together, the proportion between the three 
Iciiids of leaf s[)ot is as follows : — 



Ht‘(i Spet : 

1 iift‘i'iiiriii;iti‘ sjtiit 

F^iiik s]j»iL 



1 

l".)U 

U'U8 



This corresponds very closely to the original figures for the K., 
generation {see ahov<^). 

3. Eight plants with the pink leaf spot (like Sea-Island) in the F„ 
generation, yielded progeny in the F ^ generation as follows 


Rhiut 

Xo. 

T(aa! No. 

of p?'<'LV‘iiy 

Ni 

MDKfl OI' 1>L.A 

N T.S 

PROPUUTIOS 

iUd 

S|u,l 

fnlor- 

iiK'ilifitc s])ot 

Pink 

Sjint 

Red 

spot 

Til ter- 

mediate spot 

Pink 

spot 

1 

30 

{) 

i 

3a 

0 

002 

1-0 

2 

37 . 

1 

] 

35 

002 

0'02 

1-0 

3 

89 

0 

3 

87 

0 

0-01 

1-u 

4 

74 

0 

2 

72 

0 

002 

PO 

5 

02 

n 

1 

: 01 

0 

001 

1-0 

fi 

70 

U 

3 

07 

0 

0'03 

1‘0 

7 

30 . 

0 

1 

29 

0 

0-03 

1-0 

s 

.53 

1) 

1 

52 

0 

0-02 

10 


The plants breed substantially true to the <haraeter of a pink pidvinus 
spot. 

In the case of this ehitracter there is hardly any need to juirsuo the 
study further. Tin* pulviiuis It'af spot behaves as a simple niendelijm 
character, with intenuediatf' doiniriance. A few progenies in the Fj 
generation were, however, examined in 192.J-26, which confirmed thi.s 
conclusion. It is clear that the character in question may prove a 
most valuable diagno.stic character in maintaining the purity of a selected 
type as it can he. examined in tlu; seedling stage of the plant, 

(C) IvUMUKR OF teeth IK THE BRACTS. 

Cotton varieties vary very much in the number of incisions or teeth 
of the flower bracteoles. They also vary in the manners in which the 




PLATE II. 
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tfcth are cut ; some are very deep and some very shallow. Harland ^ 
has found that in the crosses of strains having (jiiite a distiiH't number of 
U-etli in the bract, the larger number of te<dh was dominant iu the F 
lieneration over the smaller nuniber. 

In llie present case the incisions in both tin' parents of the cross were 
nioro or less similar, but the iniml>er was found to tiiti'er (see page 
The following tabic shows the frequency distribution cif the parents, 
and iho and F., generation of the cross as grown side by side in 
All are calcnlatod to an even 2()U plants, Plate U .shows 
a picture of the bracd typos of the parents, the Fj and tlu‘ F., gene- 
rations. 



-- 

(I a (lag No. 1 

Sea Kl.-uid 

K, 

Mt'Jdi 


7'() teetli 

il■0 te<-tli . 

i a'7 teeth. 



7 teeth 

a teeth 

In t»‘etli. 


' H-ntand, 8; U studies iti liihentaiioe iii Cutton, iiuiiaii Bull., Vol. .Will, 
I'iiiU. 
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Tt is interesting to see how the number of teeth in the Fg generation 
t!iuv he ])of]i lounu’ an(3 higher than is found in either parent, and an 
imjjoi'tant consideration in the study of this character is to find whethrr 
t hose extra -paiamtiil variations can be maintained and will breed true. 

To eleac this poititseed derived from plants with 3, 4, 12 and J3 teetJi 
respec-tively in the F., generation was grown in the F;^ generation, 
wilh the following results 



Tlnisc figures show clearly that the progeny of the plants with an 
exceptionally smaU number of bract teeth (3 and 4) also have a namb' i 
ot tcelli only slightly higher, and the range of variation is almost Hi'.' 
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rame as in either ol the original parents, '['ha sann* is true witli 
having an extra large niunber of teeth, exeept tliat in this case the ranee 
a little greater. The matter can he carriLnl a litth^ iiirth -r hv a stii<t\- 
of the fourth generation (F^) of the cross, 

I. Plants uith 3 tedh per brad in Fjj generation. 


- - 

FRtQUJC.VCV Of lUl.U'T Tf.KTn IS 1’^ 
GK-\Ki£.vriU.N 

3 tcctli in 

5 teeth ill 

Ih 

7 li'odi ill 

Tot.u. 

N' 1 . Ilf [jlanls ill F 4 generation 

2 S 

37 

31 

'It; 

IhcinK-ncy diriti'ibutioii - 



1 

1 

:t tcetl) 

12 

' ! 

1 ! 


t „ 


hi j 

lit 





' 

' 14 

1 '' 

h „ 

3 , 

1 ; 

■J 

11 

7 

- ' 

- ' 

1 

'• 

M.xie 

3 



,, 

Mean 

4'3 ' 

4-(l , 

4-7 1 

4-i; 


Taking all together we may compare the mode, mean and range t)f 
ail these plants derived from plants with three bract teeth in the l‘\, 
"oruTalion, in the F.^ and geiLcrations. 


— 

h’a ;reiKn'iilioii 

1 , eeitertUioti 

M<m|p 

3 (eet li 

5 t.rlli. 


.n-'.ui 

'h3 (et'Lli 

1 e Or, 1 ( 1 , 




3 to 7 (.1) leetli 

3 h 1 S (.')J tcrl li. 



There is slight rc^gression, but it is only liy llu' study of one <n’ twn 
more generations that its real tneauing can be made oui'. 
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2, Plants loitk 4 teeth per bract in Fg generation. 


— 

Frequency of bract teeth 

^ OENERATIOX 

IS F 4 

4 teeth in 

lb 

' ■) teeth in 

1 

! 7 teeth in 

! F3 

Total 

No. of plants in F 4 generation 

8(3 

78 

1 

40 

1 204 

Frequency distribution — 




1 

3 teeth i 

14 


1 

20 

' ! 

18 

13 

3 

34 

1 

5 


30 j 

10 

79 

<.i „ ■ . . , , 

J.> 

17 

15 

47 

7 

(j 

11 

5 

22 

8 

0 

2 

0 

f 

Mode 

- 

.5 

5 

5 

Mean ...... 

4'7 

o'2 

5o 

5 1 


Taking all these together as in the last case^ we llrul as follows ; — 


— 

F 3 generation 

Fj goueratioii 

i 

Mode 

5 teeth 

1 

i 0 teeth, 

Me 0 u 

. 7‘1 teeth 

5T teeth. 

Range ..... 

4 teeth 

.5 teeth. 


In this case the regression is not detectable from the figures, but 
there is a slight increase in the generation, in the range of variation. 
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3. Plants with 12 teeth jicr hod in F generation. 




til' BiCM 

' •niKTii 

N F, ii'-: 

^llUATInV 



U teeth 
in ^3 

10 teeth 
in F.j 

11 teeth ; 

12 i«'ell( 
in F 3 

13 teetli 

in \', 

14 teeth 

iii F, 

Total 

,.f i-Cuits iti r ^ 

•ifiictali'iii, 

Kivmieticy (lis<tn- 
butidii -- 

40 

32 


02 


:Fi 

2 St) 

7 teeth 

I 




■ 1 


1 

S „ 



1 

4 




!• „ 

5 

0 

0 

10 

4 

3 

32 

lU „ 

5 

73 

3 

10 

3 

.3 

3tt 

11 

14 

4 

4 

2y 

7 

3 

h'2 

12 „ 

10 

t) 

D 

JO 

17 


.)S 

13 „ 

3 

2 

0 

14 

11 

S 

47 

14 „ 

1 

1 

3 , 

10 

4 

f) 

2.:, 

ITi „ 

1 

I 

1 

4 

-- 

2 

14 

Mode . 

11 

10 

12 & 13. 

11 

12 

13 

11 

Mean . 

il'l 

lO’S 

11-7 

11 3 

12-1 


1 1 -.7 


Taking all these together as in the last case, we find as toilows ; — 


— 

^ F 3 pieneratimi 

I'fi j;eiier,'itiaii 

-'hide ..... 

11 teetli 

11 teeth. 

Mejiti ..... 

11 ’4 teeth 

11 '3 teelh. 



S to 13 (7) teetli 

7 tn 13 (S) trrili 


In this case also, regression is not detectable from the figures, but 
tlicre is a slight increase in the range in the generation. 

The evidence is, therefore, very stroiig that the cxtr,i-pa rental vuria- 
tions in the number of teeth in the bract can be bred true and fi.xed in a 
nnv type if this is thought desirable. 
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(D) COLOCR OE THE FiOWER PETALS. 

The iiihcritance of flower colour in the American group of cottons Iniv 
hci'u studied hy a number of workers. Balls ^ found that the mheritiiraf 
of colour of flower is complex, hut he was not able to elucidate its ehara. - 
tor completely. McLendon ^ in Georgia and Harland ^ in the \\(>^\ 
fjidirs have handled crosses between Sea-Island and American cottons, 
and, therefore, this work is of special importance in the present connec- 
tion. McLendon foinal that the petal colour in the cross was inter- 
mediate between the parents in the Fj generation, and in F^ generatiun 
a much grealer luimber of individuals had a pale yellow colour thaji tlw 
characteristic white or full yellow of the parents. Harland also lout cl 
intermediate dominanee in the F^ generation while in the second gemu’,)- 
tion of the cross the parental types and many intermediate coloiiis 
appeared. It is obvious that the inheritance of petal colour is of ati 
extremely complex character. 

The present rross is between a cj'eainy'White flowere<l type (Gadiiji: 
No. 1) anti a, bright full -yellow flowered type (Sea- Is! and), and , the 
examniatioj] of the lirst four gentTations of this cross in respect of flower 
colour may now be described. 

In the F, geueraiion, the whole of the plants obtained gave pale 
yellow flowers if examined soon after the opening of the flowers. In tin- 
F., generation, out of a total of 710 plants, the colours were as follows ; - 



XlUJltoi' of ])lcHltS 1 

Propiii'tiou 

nrj<;til yt'iiiivs 

lys 1 

1-2 


;;77 

20 

White , , . 

lit 

to 


All examinations of these colours were made in the morning ht'luefii 
10 and 11 A,M. soon after the oj^ening of the i>etals, by matching witli 
the parental and the types as fadhig took place liy the afternocti. 
It was found ver}' diflieiilt to match the intermediate types, as Ihei'' 
were many plants wliieh had much paler yellow flowers than th<' I'’! 

' itill.s, ^\ . I.. ;\l<’niiclia.)i Studi(‘fc:uf K'^ypOmi {'iat(it),s. Jovr. Jyri. Sfu.vi'i\ t'ni, !!• 

I la IS. 

- A. .Mt'iiilcliun luijcritfUK'c in Cett<jn Hybrids, (iwryio A/i'n- 

HxiJi. i>ta. Bull. tKJ, l'U2. 

^Harland, y, C. Studios jji Iidu'iitaiKr, jii Cottnn. Indian Bull., VoL JH. 

nnu 
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iiMfniR'diate, so pale, in certain cases, as to l)c little distitif^uishable 
wliite. AJl such cases have, however, been classed as " pale 

In the Fg generation, all the plants, which Imd white coloured lloweia 
i.i the Kj generation, yielded white Howers. Or in other words, the. 
white fliJWTTed plants bred true to this character, ddiis is <'xa.ctl\’ what, 
hiis Ijccii found by Kottui’ ' with Asiatic cottons. 

On the other hand, the plants, which had fall jfdlotr Hou ers 
ill tlic b\ generation, gave flowers of varying colour in the Fg generation. 
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We have thus, among tlie bright yellow flowered plants of the F, 
generation, some which breed true to the bright yellow flowered chatac- 
ter, others which give substantially only pale yellow flowered plants, 
and, finally, others w^hich give bright yellow, pale yellow and white 
plants in very varying proportions. 

When the seed from pule yellow flowered plants in the ^2 generation 
is grown in the Fg generation the following results were obtained : 


Plant 

No. 

Total number 
of plants 

Bright 

yellow. 

Pale 

yellow. 

White 

Bright 

yellow 

^ROFOKTIOM 

Pale 

yellow 


1 

15 

0 

15 

0 

0 

I'O 

t' 

2 

13 

0 

19 

0 

0 

10 

0 

3 

58 

1 

67 

0 

001 

1-0 

0 

4 

69 

1 

58 

0 

001 

PO 

0 

5 

47 

0 

46 

1 

0 

PO 

0'02 

6 

10 

0 

10 

0 

0 

PO 

0 

7 

39 

0 1 

38 

1 

^ ! 

PO 

063 

8 

.51 

6 , 

39 i 

6 1 

1-0 

6'5 

111 

9 

30 

3 

20 

7 

I’O 

7-7 

2'3 

10 

37 

9 

23 

5 

10 

2-6 

0-C 

11 

01 

4 

35 

22 

11) 

B-7 , 

O'j 

12 

61 

13 

27 

15 

1-0 

P4 

OS 

13 

56 

3 

34 

13 

PO 

3-7 

l-i 

14 

20 

9 


0 

10 

0'6 

07 


We have, therefore, among the pale yellow flowered plants of the 
Fg generation, some which breed true to the pale yellow flower character. 
The remainder gave bright yellow, pale yellow and \vhite petalled plant.' 
in varying proportion. 

In the F4 generation, seed from 32 plants of the Fg generation 
(themselves derived from 11 plants of the F.2 generation) was taken. 
Iso plants which had given white flowers w^ere used, as this colour ha.< 
proved to be a pine recessive. The results may now be noted and 
the table which follows, shows what has happened to a number of plants 
whose heredity, in this re.spcct, in the F^ and F. generations, is known. 
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/. Progeny of 2}hnls with bright yellow fiowers in the F., generation. 


] 



I'l owr 

U CoLOl ll I 

.y p, 




Klow'rr colour 
in r. 

Total No. 






i-IUJll 

of plant 
in h\ 

Erislit 

yellttw 

1 

yellow 1 

Wliili' 

Priiilit 
> ellnw 

IV. 0 

W hieO 




. \I1 

ly l.irn,! V. i 

l.nvl„ 9 . 




j 

1 Hrisjhl yel- 
low. 

Iti 

19 

" 


‘ 



i 

:! I'o, 

yv 

29 


; 0 


0 

: " 

1 . 

y Oo. 

21 

n 

C 




, 0 

1 

i 1)0, 

ir» 

14 

1 

: (1 

1 

on: 

" 

i 

."> no. . 

7 

7 

0 

0 

1 

" 

0 



E, Al! progeny iijilf j <‘lio 

win]'.. 




J 

1 Tale V 

20 

0 

2(1 

0 

'» 

1 

0 

‘i 

2 Do. . 

19 

0 

IS 

1 

0 : 

1 

O’lr. 


1 Do. . 

(i 

1 


(' 

0-2 

1 

0 

1 

2 Do. . 

7 i 

0 

7 

0 


1 

" 




e. Progeny variai'le ii 

n I'j. 




f 

1 Wliite 

27 

0 1 

i ' 1 

i i 

! 0 

iJ 

1 

i 

2 Talc Y . 

22 

0 


i 

n 

1 

1-2 

1 

S Do. . 

20 

0 

1 ; 


0 

1 

o-s 


4 Do. 

2? 

0 

1 

i 1 

u 

1 

ij-04 

.1 

Drij'ht yellow 

I'ale Y 

11 

lo 

0 

:! 

1 ' 

1 

i 1-2 

1 

0 

I 


We find, therefore, that the. plants wliich have bright yellow tlowers 
ill the Fj generation may be divided into three types. Tliose )’iel(l only 
bright vellow flowers in the. generation also yield only bright yellow 
flowers in the generation. In other words they breed true to flower 
colour. Those which yield ;pale yellow flowers in tlie geiHTatiou 
also yield only pale yellow flowers in the F^ generation. These also, 
tlieretore, breed true. AVhere, however, the progeny of an Fo jflaut 
are variable in colour in the generation, then the plants ol the F4 
generation are also variable, the white flowers breeding true, some pale 
yellow flowers, breeding true and the rest giving pale yellow and white, 
pale yellow and bright yellow or all three colours. Where s])littiiig 
into two colours occurs, the proportion approaches 1 : 1 for the two 
cc^lours concerned. AVhere splitting into three colours takes jilace tlm 
proportion approaches 1 : 2 ; 1, This last Jigui’c is one, however, 
on which little reliance can be placed, as it depends cm om; instance 
and oa very few plants. 
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11, Pmjeny of phnls 7nth juik fio'mrff in the ffrtiemlion 


I'laDt 
ill y. 

yicmiT colour 

ill 1', 

Total Xu. 
of plaiiu 
in ¥, 

l'r.oivi;K Ooim a is' C, 

euoroilTION 

Bfisilit 

yellow 

Pale 

yvlloic 

Wtiifc 

yellow 

I’alc 

yellow 

Miii' 



\. 

All I'ri'iK ii\ 

JCll" V. How 

i., 




r 

1 l^iilc ^ 

1 1 


1 1 

0 

0 

1 


ij 

2 J)<c 

1 ;■ 

1 

la 

u 

ll•l)li 

1 



;j )i<>. 

ir, 

1) 

i:. 

1) 

II 

L 



) 11(1, 


1 

:!2 

0 


1 

" 

1 

2 v. rv- r.ilo 
V. 

22 

" 

21 

1 

II 

I 

I'.O 

.. i 

1 I’lilo V 

20 


111 



1 




20 


2o 



1. 






vai'iiiMc in 

1'.. 




r 

1 l':il< V 



:> 

7 

11 

1 


,1 

VJ Ho. 


<■. 

I(> 


2-11 

.7-;j 1 


1 

;; w hiic 


0 

2 

2fl 

11 

Ir-OV 

l-i. 

1 

I I'o. 

Is 

0 

1 

17 

U 


1.. 

I 

1 'I 

21 


Is ! 

o 

i l.l‘l 

Ml 


■J 

i 

Z Dll. 

■to ! 

I. 


12 

(1 

2-;: 

0. 

1 

r; Uliit. . ! 


0 

1 1 

' 20 

0 

i)ii:j 

l-(. 


1 BiiixlH, 


oc. 

, 2 


1 

o-n:; 


j 

lou, 









iMi. \ 


2 

12 

1 

02 

to 


I 

Ullllr 



' 

27 

" 

(i.o;; 



In tlic case of tlic plants whicli liave pa!<‘ yellow flowers in the iy 
i^eneratioii, tliey inay be divided into two types. Those which yitti 
endy pale yellow fin wars in the jJeiKn'ation hIso yield only pale yell'a'- 
dowers in the hj gcjicration. They, therefore, bioed true ; wIumc. 
liowever, the progeny of an h\ plant is variable in rulour in the ty 
geiieratio)), then the plants of the Fj gejieration are. also variable, lb’ 
wliite dowers breeding true and the rest giving pale yellow and whin- 
or all thi'cc colouj’s. Where splitting into tw(j colours occurs the. p;"' 
portion approaches either i : 1 or 2 : 1 lor pale yellow to wliite. Wliec 
splitting into three coloiu's takes place, the ],)roportioii is variable. 

This stinly of the inlierilaiice of flower eoknir in the cross midi'! 
study confirms previous couciusions that a white colour is a pure recessiv'' 
:ui.d makes it also probable that the various colours involverl are inherii'’'* 
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iu(kpendcntly. On the other hand, it seems clear that the yellow colour 
j. ;i (.omplex mixture of several colour factors, luit the nntiiri* of this 
roiiiplex mixture has not yet been elucidated. 

(K), Presence of petal spot or “ eye.” 

One of the most striking differences between the parents of the cross 
muier discussion is the presence of a bright red eye to the flower in the 
Sea-Island cotton and its complete absence in the American parent. 
\ii crossing parents similar in this respect {Upland and Egyptian) Balls ^ 
found intermediate dominance of the character, the Fj generation 
showing a smaller and paler spot than the Egyptian parent. In the 
K.. generation, the proportion of plants having any sort of an eve to those 
where it was entirely absent was about 2 : 1 and in succeeding generations 
f.he spotless plants bred tme. McLendon - in an Upland Sea-Island 
,‘ross found a smaller and paler spot in the generation and a pro- 
tortiou of spotted to spotless plants in the Fo generation Ic-ss than : 
(. Kearney*, in an Upland Egyptian cross, found again a. siiiallei' and 
fialer spot in the Fj generation, hut, unlike others, he found a H to 1 
ratio of spotted and spotless plants in the Fo generation. Working 
with ABiatie cottons— a Cliinese spotless cotton and Indiiiu spotted 
ruttoiv lieake ^ found complete dominance of the spot in the F, genera- 
lion. 

hi the authors’ cross, the Fj generation had in all cases only a, pale 
n-d eve, smaller than that in the Sea- Island parent . Tln^ generation 


-howed the following beliavioiu* : 

TiUal number of plaiitd exa mi litO . . . . . .71',! 

I’laiits with no petal spot (eye) 

Plants with pair red spot (i.e.). intci'incfiiutc in and eolniir) . *d4‘i 

Plants with deej) red spot (like tlic Sea-Island parent) . . . Ut 


rim flowers were examined in each case hetweeu hi and I I am. 
soun after the opening of the petals. The size of the ‘‘ eye ” varied very 
niueh in the.sH plants uf the hL generation; soitk* of them had so faint 
and minute a petal spot that it might easily he overlooked. The Iflate 
HI allows types of spot found in this generation along with tluKse in the 
jiartmts and the first generation of the. cross. It will be seen from the 
alt(tv{' tigui.'es that the jiroportioii between the nunibei' of plants with 

' bailfi, VV. L, .Mendeliaa Studies of Kgyptian f'ottoo. Jn7!r. Agri, <SVyV??rr, Vnl. 11. 
pips. 

- McLeuduo, C. A, Mcndeliim jjiheiitam'O in ( ott'iu llylirifls. (Georgia Agri. hu'pt. 

Bull. 99, nil 2. 

■' Kearney, 'I'. H. Hegrogation of Chaiaolers in an Egyptian llybritl, V. 

!hj>t. Agri. Hull. 1164, 1923. 

M,eake, H. M. and llaiu Erassad. Studies in Indian Cndnus, Par!, I. 

■ I'jA. India. Hot, Ner.. VoL VI, No. 4, 1914. 
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no petal spot whatever and those with some sort of spot is 2‘3l to 2'G. 
This corresponds with no simple form of inheritance, but the Fg genera- 
tion throws some further light on the subject. 

In the Fg generation, all but one of the plants which had no petal 
spot (eye) in the F^ generation, yielded spotless plants. Or in other 
words, with the one exception noted, all the non-spotted plants bnd 
true to this character. This recessive character in the non-spotted 
plants has been noted by previous workers. In the one exceptional 
case, 32 seeds from one spotless F^ plant gave nine plants with faiin 
red flower spots, while the rest of them gave flowers free from spots, 
This progeny must remain unexplained at present, but apart from this 
one case, the non-spotted character behaves as a complete recessive. 

On the other hand, plants which were spotted in the F 2 generation 
gave progeny of several different kinds. The behaviour of the progenv 
of plants with deep red spots and faint red spots in the generation 
is not widely different, so they are taken together. 


Plant 

No. 

Spot character in 

Pi 

Total 
plants 
in F3 

Sror CHAEACTER IN F, 

Peoportion 

Deep 

red 

spot 

Faint 

spot 

No 

spot 

Spotted 

Non- 

spotted 

i 

Dark red 

68 

9 

58 

i 

1-0 

0-01 

2 

Do. 

26 

4 

21 

1 

1-0 

0-iu 

3 

Do. 

47 

30 

16 

1 

i-o 

0‘i'2 

4 

Faint red 

80 

11 

68 

I 

1-0 

O'Oj 

5 

Dark red 

33 

18 

9 

6 

4-5 

10 

6 

Do. . 

44 

9 

25 

10 

3-4 

Ml 

7 

Do. 

60 

8 

38 

14 

3-3 

10 

8 

Faint red 

49 

5 

29 

15 

2-3 

1-0 

9 

Do. 

45 

4 

.30 

11 

3-0 

IV 

10 

Do. 

74 

0 

52 

22 

2-4 

1-0 

11 

Dark red 

09 1 

4 

30 

25 

1-4 

1-0 

12 

Do. 

1 34 1 

8 i 

14 

! 12 

i-8 

10 

13 

Do. 

39 1 

^ 1 

20 

1 19 

1-0 

1-0 

14 1 

Faint red . . | 

34 ; 

4 i 

14 1 

I 16 

M 

1-0 

15 

Do. . ■ 1 

37 

4 

27 

1 26 

1-2 

i-o 

16 

Do. . . 1 

26 

1 

16 

9 1 

1'9 i 

10 

17 

Dark red , ; 

00 

16 

11 

' 39 , 

0-7 , 

10 

IS 

Do. . , i 

34 

0 

14 

! 20 

0-7 

10 

19 

Do, . , j 

'39 

0 

II 

1 28 

0-4 

10 

20 

Faint red . , j 

30 

0 

12 

1 18 

0-7 

l-n 

21 

Do. , . 1 

.33 

0 

23 

30 , 

0-8 i 

10 

22 

Do. . , j 

' 38 

0 

j 


37 

0-6 1 

l-n 


We have thus a certain number of progenies (Nos. 1 — 4 above) 'whii'li 
breed true to the spotted character, though the intensity varies much. 
On the other hand, we have a series of progenies where the relation of 
spotteii to the non-spotted plants varies in an almost unbroken seri'>; 
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from 4*5 to 1 down to 0*4 to 1 . There seems perliai^s a tendency for 
ratios approaching 3 to 1, 2 to 1, 1 to 1 , ami 0 7 to 1 . Hut it is hardly 
more than a tendency. 

A study of the generation throws a little iiiore liglit on the inherit- 
ance of this character, In tliis case the similar conehision reached as 
to the recessiveness of the non-spotted character is coniirmod for ail 
the progenies of plants giving non-spotted dowers in tlie F,j generation 
breed true to this character in the generation. For the study of the 
plants, bearing spots, seeds from 20 plants of the F 3 generation 
(themselves derived from 10 plants of the F.> generation) were taken. 
The results may now be noted, and the table whuF follows shows what 
has happened to a number of plants whoso character, in this respect, in 
the Fg and generations is known. 




Total 
plants 
in F4 

1 Spot cuAiti.(’TKH in F^ | 

rp.OPOliTION 

Plant 
i 11 

Spot character in 

Fa 

Deep 

red 

spot 

Faint 

red 

spot ^ 

! 

Xo spot 

1 i 

1 Spotted ' 

Knn- 

spotted 


A. Progeny of plants with, deep red spot in F;, generation. 



a 

Faint red 

14 

1 

10 

3 

3 7 

1 


2 

Do, 

17 

3 

10 

4 

3-2 

1 


p 

Do. 

15 

0 

11 

4 

2'7 

1 


14 

Do. 

11 

2 

8 

1 

0-0 

1 1 


fl 

Deep red 

10 

1 

8 

1 

90 

1 











u 

Faint red 

13 

1 


7 

0'9 

I 

1 

n 

Deep red 

42 

7 

26 

0 

3-7 

1 


^ 2 

i 

Faint red 

60 

1 

i 

20 

I'l 

1 


u 

Xo spot 

30 

0 

0 

30 

0 

1 

P 

Deep red 

1 " ■ 

() : 

1 

6 

0-2 

1 

i* 

Do, 

11 

0 

0 

2 ; 

4-5 

1 

i< 3 ' 

Faint red 

36 

1 

11 ! 

24 

0-5 

1 

^ 4 

Do. 

35 

1 

20 

14 

P 5 

i 

0 

Do. . . ^ 

3 S 

f-' 

15 

23 

0 7 

! 

ri 

Faint leil 

20 

1 

] 2 

7 

i-i) ! 

1 


(2 

No spot 

18 

0 

(1 

IS 

0 

1 1 


Do. 

3 

0 

(,) 

3 

0 

1 1 

1 
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PJaut 

iiiFi 

spot r.harftr ter in 

Tota' 
plants 
in i’, 

Smr CHARACTEE 

IN F, 

PllOrORTl..\ 

Deep 

red 

sp jt 

i'aint 

red 

spot 

Xo spot 

Spotted 

Xon- 

spottel 



B. Progeny of plants with faint red spot in the Pj generation. 



"I 

Faint red 

10 

0 

7 

3 

2-3 

1 











L2 

No spot 

11 


0 

11 

t> 

1 


Faint rod 

2fi 

2 

14 

10 

1-0 

! 


12 

Do, 

30 

0 

10 

2i\ 

o-i 

1 



Faint red 

31 

a 

2S 

3 

0-3 

1 


a 

Do. 


1 

ir. 

23 

o-o 

i 

8<^ 











No Hpt.t 

■ J ] 

" 

1 

20 

oos 

I 


14 

Do, 

22 

(1 

(1 

22 

0 

1 


ri 

Faint jT.d 

2S 

0 

K 

20 

0-4 

1 










u 

Do, 

to 

II 

!i 

;i6 

0-25 ; 

1 


fi 

No .spo( 

IH 

(, 

(1 

18 

0 

1 

10^ 










L2 

I).,. 

>:! 

(1 

(1 

12 

tl 

* 


The results thus shown confirm the (;oncliision that uon-spottfil 
flowers give seeds breeding true in this respect. So far as the plantx 
which have given spotted flowers through the aiid F.^ generations, 
the inheritance is evidently a very complex one, and the data available 
do not enable us to elucidate it. Even if attention is limited to tho.^i; 
r-ases where o^'er 25 plants in the generation are obtained from oaf 
plant in the F;j generation the proportion of those giving spotted auti 
unspotted plants varies from to 1 to 0-25 to I. It \YiU obviouslv 
need a good deal more study than the authors have been able to make, 
befrire the very eonlphcated inhcrita-iu'e of the eye ’’ of the c.dffen 
flower can be clearly made out. 

(F). Length of the ej.ower tETAU. 

In the cross under discus,sion, it lias already been noted that th* 
Gadag No. 1 has relatively .short petals, these varying from 19 to 39 inni. 
in length, while those of Sea-JsJaiid strain used varied from 31 to 37.njm. 





Graph showing the distribution of the length of petal !n the parents Fj and Fj generations. 
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in length. The behaviour on crossing, in the first two generations, is 
shown in following frequency table 


Fetal length 

Gadag No. I 

Sea- Island 

Fi 

T- 

IJebw 12 nira. 




2 

mni. . 




5 

mm, . 

21 

1 


27 

r.j—JjO mm. . 

85 

1 

! 



31—36 mm, . 

88 

37 

7 

58 

37—42 mm, , 

6 

94 

88 

28 

43—48 mm. , 


64 

83 

0 

49—54 mm. . , 


5 

22 

3 

Totai, 

200 

200 

200 

200 


In Figure I is shown the graphic representation of this character. 

From these figures it will be seen that in the parents of the cross, 
97 per cent, of the plants of Gadag No. 1 have a flower petal less than 
36 mm. long, and 80 per cent, of the Sea-Island plants have a flower 
petal more than 36 mm. long. The Fj generation of the cross gives 
petals of which 96| per cent, have a flower petal larger than 36 mm, 
There is thus evidence that the long petal is a dominant character. The 
results obtained in the F.i generation do not however, accord with this 
•simple explanation, for 82 per cent, of the plants obtained have flowet- 
petals below 36 mm. in length. The proportion of short petals to long 
petals in this generation is, in fact, ho to 1. 

This unexpected behaviour seems to be at least partially explainable 
hy the very high degree of linkage which seems to exist between short 
j^dals and a white colour of the cotton flower. If the T'g 
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arc divided according to the colour of the flowers, the result with 718 
plants are shown in the following frequency table 


UmjU'li <if 

White 

petalled 

Fj plants 

Yellow 

petalled 

Fj plants 

Below 12 mm, ....... 


0 

13—18 mm 

2 

n 

19—24 mm. 

25 

71 

25 30 mm. ........ 

.59 

190 

31—30 inm 

40 

169 

37—42 rmn 

11 

89 

43—48 mm 

3 

1.5 

49—54 mni. ........ 

I 

10 

mm 


1 

'COT.AJ, 

141 

577 


Thus there are B9*4 per cent, of white petalled plants ^ving flowers 
with .short petals (bolow 36 mni.), as against 80 per cent, of those with 
yellow petals. The close liuhage thus indicated is confirmed by the 
behaviour of the progeny from white flow^ered plants (which, of course, 
breed true to colour of flower) in the F,. and generations, when 
the following behaviour was seen, 

K, gpiieratioii . , 387 plants fi'cjiii -wliilc flowered parents pt.ive ;i7i’ 

plants wHIj petals less than 36 miu. long or fifi'i 
per cent. 

Ki geitftnitiun ► , Jl.'it) plants from white Hriwercrl parents (whefliei 

file petals were short or long) gave 244 plants 
wil h petals less than ,36 mm, long or flT’P) per cent. 

The linkage between white flow^ers and short petals seems therefore 
nearly complete, and in any investigation of the inheritance of long 
petals, these flowers must be excluded. But even if these be excluded, 
the contrast betw^een the F^ generation with its dominance of long 
petals, and the 80 per cent, of short petalled flowers which are also yellow, 
is nearly as great. 

If we follow up the inheritance of petal length in the F 3 and F^ 
generations, with i/dlow Jl aims only, the following results are obtained, 
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itioiigb unfortunately, it almost ontirely deals tlic pi'ogeuN’ oC plants 
with short petalled fiowers : - - 




flaiit 

Xo. 

Petal ia F; 

'L’uUii 
ijiiiiiber 
of [>liltlts 

PE'I'ALo'H A ItAC'l'IvK 

I’lotroK'UON 

1/Ollg 

])etal 

Short 

j>ctal 

L.piig 

petal 

SllOli 

petal 


A. Bi-igiit yeliu\v^ fl 

over 111 ty, 

bieoiliiig tme to biiglit ycltpw in h 


1 

Sboib . 

l!(i 


-’3. 




Do. . 

4.-; 

3 

i-2 

j- O'es 

' 

3 

Uo, . 

s 

0 

s 

! 



R P<ilc yellow itower in b'... 

H'ooi.liiig line to palo yellow m P.. 


1 

Short . 

to 

1 

14 

'i 







01 

i 

2 

Do. . 

IS 

1 

17 

i 


3 

Do. . 

oh 

7 

41) 

1 







P 0-14 

1 

t 

Do. . 

.pH 


SI 

J 


5 

Do. . 


1 

t^S 

') 







0-03 

1 

r, 

Do. . 

7 

0 


j 


7 

Long . 

:J5 

l(f 

L>o 

1 

2*0 ^ 


gcMtalion, 


I'lnilt 
10 K, 

j 

I’rtal ill P;, 

i 

; 1 

i T<)tal j 
luitaber ! 

j of ]plai)td 

PK'r.VLo'HATi.WJTKlI 

! 

j PlIOruKTOlN 

hljllg ! 
prtal 

Short 

petal 

I.Olty 

1 pP'lal 

Short 
pet a 1 



A. Briylil y('U<p\v flower in 1<\, 

(proediii'.’' ti'ilO t'p hliLdit 

udloiv HI h'jj 

1 

n ! 

SldTt . 

i 1 

II 

I 1 

1 




Do. . 

2:; 



i 


H 

1 

3 ' 

t 1 



1 1 

" 

1) 


1 


1 

i 4 1 

D.tup . 

i.i 

1) 1 

lo 

1 

I 


1 

.Short . . ' 


II 
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Pgtai.-oharacteb 

PaoPOKTios 

J‘l 1 


Total 





ill Fj 

iVtal ill 

number 
of pi, infs 

Long 

Sliort 

Long 

Shorl 





peful 

petU 

petal 


It. Uale Vf'li^w ti 

ill F,. 

bleeding fi'iio t.o pale yelUnv in F.,, 



SIihH , 

12 

1) 

12 

'I 

1 “ 


■J.. 

tin. . 

lo 

a 

1:7 

1 


)><i. . 

H 

0 

14 

1 

J 


ri 

Vo. . 

20 

r, 

15 

1 


I 2 





V O' 32 

1 

Do. . 

17 

4 

13 

J 


fi 

Long . 

21) 

0 

15 

0'33 

1 








I 2 

Short . 

IG 

1 

15 

0*07 

1 


There are, among the short-petalled yellow flowered individuals, 
clearly tw'o types of plants,— those which breed tnie or give a very large, 
majority of short petals, and the other which give about one-third of 
the progeny with long petals. This latter type is illustrated by the 
progeny of F, plant 3 in the F 4 generation in the above table. Exactly 
what the meaning of this behaviour is, is not clear from the data available. 


(G). Colour or bolls. 

No study has been hitherto published as to the inheritance of the 
colour of the bolls, but the difference in the present case was so striking 
between the parents, that it seemed useful to follow the behaviour in the 
cross. The Gada.g No. 1 parent has a duff, light green boll ; the Sea- 
Island parent has a sliiuy bright green boll. All the F^ generation 
plants had an intermediate green colour and all were rather dull. 

The plants in tlie F^ ge/reration n^ere easily grouped into three 
lots, — those aimila.r to the Gadag No, 1 parent, those like the )Sea-Island 
parent, and those like the Fj^ generation of the cross. Classed in thi.>: 
way, the produce of 608 plants was as follows : — 


— 

No. of plants 

j Proportion 

Light green (like Gadag Xo. 1) .... 

l.oO 

! 1-07 

Iledium green (Fj generation} .... 

.301 

2-03 

Deep bright gieen (like Sea-Tsla II d) . . , . 

m 

1 i-oo 

1 





STUDIES IN INHERITANCE IN COTTON 


57 


The proportion almost exactly tallies with what would he exjjected if 
the character was a sim})le mendelian one. tlie inlermedinto form being 
ilominant. 

This couclusion is confirnied by the examination of the generation. 
In this case 206 plants dwived from eight light green plants of the K.> 
gcneratioii gave light green bolls in 200 cases, and medium green bolls 
ill six cases, thus substantially breeding true to the light green character 
of the bolls. Likewise 1)4 plants, derived from seven dee[j bright green, 
jjlants of the generation, gave deep green bolls in 92 eases and medium 
green bolls in two cases, thus substautiall)' breeding true to the dt'cp 
<<reeu character. 

As regards the progeny of plants with n tedium green bolls, eleven 
bo plants gave 230 plants in the Fg generation, with bolls distributed 
as follows : — 



No. of plants 

Proportion 

Li^4it green ........ 

o7 

1-03 

.Medium green ....... 

118 

2-1 

Deep green 

55 ; 

1-0 

Total 

1 230 



The produce of all the plants shows itself of a splitting nature in 
respect to boll colour, and the proportion remains of the kind that would 
be expected if the character was a simple mendelian one, and if this 
intermediate form were dominant. 

In the generation, the progeny of the “ light green and “ deep 
green ” boiled plants continue to breed true to these characters res- 
pectively. Plants with medium green bolls in the F;, generation, 
however derived, gave a similar result recorded above. Six Fg plants 
of this character yielded 143 plants in the F^ generation with the follow- 
ing results : — 



No. of plants 

Pioportion 

Light greeu 

34 

10 

-Medium green 

72 

21 

Deep green . . . . - . 

37 

M 

Total 

143 

! 


The boll colour making the very striking dilfcrcnce between the Gadag 
No. 1 and the Sea-Island cotton, therefore behaves as a simple mende- 
lian character, with intermediate dominance. 
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(H). Surface anh glanduution op bous. 

’riic whole of the surface of tlio cotton plant, abov^e the groiiiiil. 
hears small black resin glands of the si;i!C of a pm s head. The density 
i>f these glands on the })oll siirl'aee varies much in diSerent types i>i 
cotton. Til the case of types belonging to (lOS-Htjpimi hmatum and Gfmfi- 
kerbdecitin tlie boll surface is smooth and the glands are visiht 
only as small spechs here and there ; iti the case of tjq^jcs. on tlic 
other hand, belonging to (iob'sypium barbadense or Gossipiim neglectwn 
the boll surface is rough, for the glands appear prominently as small 
pits packed somewhat closely together. The inheritauce of the gland 
character has been studied by Balls Kearney ^ and McLendon ^ and th'' 
general conclusion is tliat in crosses an intermediate condition is dominatir. 
but that the inheritance is not of a simple mendelian character. 

In the present study the smooth boiled Gadag No. 1 was cross<Ml 
with the rough boiled 8ea-Tsland (mtton. In the Fj generation, tlic 
boll surface, though resembling in general appearance the Sea-Island 
parent more than the other, v\’as only sparingly dotted with glands, 
and was considerably less rough than the Sea-Tsland bolls. It was, Iti 
fact, intermediate in character. In the F.^ generation, the number of 
plants of each different character out of a total of bOS was as follows ; - 



1 

i No. of plants 

■ lb' 0 [M)rtiLiri 

Sitio'dli boll «in fai l.’ 

! 

17 

1 

liilniinjfliato I'oli fiUltavc , . , . . 

2:5 s 

it 

K'Higli )n>il anifaur 

'['(jrAi, 

[ .m 1 

j 

■ 00 s 

21 


d’hese figures indicate that- the standard for differentiating the kinds 
of surface is not clearly enough defined to form any conclusion. I’ln' 
fact that the F^ families derived from smooth boiled F._, jjlants wimt 
entirely smooth boiled, suggests that this forms a recessive chaia<‘(,tii. 
Further than this, it is impossible at pr(?^ent to go. 

J Bails, VV. L. Mendelian Studies of Egyptian Cuttuu. Javr, A^ri, Vol. U. 

vm. 

Keaiuey, T. H. Ncgi^gutioii <if Cbai.'iel.ets in jm Upland JCgjptian Hybiid. U. 
iMpl. Ayri. Bull. 1104, 1923. 

® McLendon, U. A. Mendolian Inberiinnce in U'lttou llybridi?- Oiorylu Agri. f'kpf. 
Blti. Bull. 99, 1912. 
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(1). NUxMbkr of loculi in th>: boi.ls/'- 

111 a previous sectiou of the jireseut bulletin it bus been shown tbat ilu; 
iiii-an number of loculi in the bolls from plunts of (ludug No. 1 cotton 
vari(‘S from 3 7 to -I'l- per boll, uiul the ini tubers of o, 4 , and 5 locked 
I,, , 11 s are coimiiouly found. On tbe other band, in SeaJsland cotton, 
tiiu mean number of loculi In the bolls varies in diffcj'cnt })]iints frotti 
;y0 to 3'2 while 3 and i loidced bolls (with an oecasioual 2 h)cked bf>ll) 
n)ilv are found. 

Ill the first and second genera tioii.s of the cross the following Ice* 
,jii(*iicv figures were obtained : - 


Monti number of loculi 
|)i’r boll 

(ladag No. 1 

I 

Soa-ItilaiKl 1 

i 

t'h 1 


ud :;T . 



i 

! 

11/ 

:m . 


i 

;a i 

KU 

, . 

1) 


,;s 

1 I'll 

3 IC!! . 



1 

1 

1 

Mo-M . 

11' Mi . 

i-M 

28 




4 1 To . 

■' 



1 ^ 

TdTAI- 

OlH'l 

2u0 

1 -'in, 

1 

1 oiin 


In Figure 2 is shown the graphic representation of this characlaT in 
iiio parents and generation, and Plate IV shows the locks of the bolls. 

'I'hc generation, therefore, is seen to have a nu'un number of 
Ijull locks intermediate betwoeu the two parents, but the distribution 
nl The plants in the Fo generation is not in aocordanc with any sinijile 
inheritance of the boll lock character. As the matter is an important 
one, -this character being one of those which go^’Br)l the yield, -ii' 
Wiis studied in the F^ and F4 generationB. 


-Ilie iuheritaoec of loculi iu the holis has been tivaUci mv,t hj oue of 

Oie authoi’sfR. K. Kiilkarni) in the Agricultural -Tounja) of )u(ha, \oi. ANli, laris. 
(.Mar 1927). 
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STUDIJBS IN INHERITANCJS IN COITON 

.Seventy-six plants of the F.> generation were taken ineliuling ivpc,-. 
se lit at ions of every vakie for the mean immhers of boll-locks. anO ik- 
value similHT for thi‘ progeny of each of them in tiie generation 
determined. The attached table .show.s tlie correlation between tlin 
aiean number of boll-locks in the parent and families derived from it. 



These figure.s clearly indicate a very high positive correlation betwieii 
the. number of boll-locks in the parent and in the progeny in the Ic; 
generation; the co-ellicieni of correlation being -f Asimiliu: 

result was obtained by the study of numerous progenies in the Fj geaci'ii 
tion. and it .seem.s clear tliat form.’^i giving a. high fioll-lock value can b' 
extracted and will true. It has prov('d. in fact, quito possih'' 

to obtain, by selection, strains from the cross which have as high a vahw 
as the Gadag So. 1 purent, with a much improved lint staple. 
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(J). f^EXGTH DF STAPT.K OF LINT. 

\s liAs l>eeii nlrendy ('xplainod. the priiu/ipal purpose of tlu' work 
„„\v under iliscussion Avas to oLtaiii a r‘Ott(ui ('4uaiiy suitaMe lor culliva- 
tieii in ihePharwat’ Aint'rieau eotton ai'oa. as {'Jadae Xo. 1 . und poss^ssiiifi 
its hiuli yield and high ginning percentage, luit also giving a nnich longer 
4,ij»|e. lienee tlie inheritance of this (diaraeter has a pe<'uliai’ inipoitance. 
Previous iiivostigations seem to have shown that the long-staple, eharac- 
t,>i- is usually doniiiiant over short staple, and hetweeii typo.s of cotton 
of distinctly diflerent .staph'. Balls ^ and also Knttiir- have found that 
this character segregated as a motio-hyhrid rat io, though other workers 
have not eojidrmcd this tiuding. 

The staple of the parents and of the tir.st giuieration (F, ) of the 
f ross now under discussion, in three successive years, is shown in the 
following irepuency table : 
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Ulii'inl 
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1 
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2--. 
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12 2t iiiKi. . 
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N „MK. . 
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1 ■ :ni 1)1111. ■ 


4 
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:i2 




:i:.;;nmiK. . 


21 

21 


K1 



2:. 

10 

in -.12 mm. . 


2-. 

21 ' 


i 

24 


Kl 


■i-i— 4.> mill. . 


■'-N 
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r; 

2 



1 

O’. IS II mi. . 


12 

Ifl 
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41'— tl iniu, . 
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12 


1 



1 .. 


■'2 - 'll Klin. . 



1 
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r..T.u, . 

lot! 

Kill 

inn 

inc 

inn 

Kill 

UlM 

Kill 

Inn 


lW-21 

Fi-tr, 

ili’Vo 

22-:^ 1 

4 n-l 2 





MciLif IlltJl. . 

2nf 


! CM) 

1 ::: 

ii-:- 

M ■<) 

'1'“ 


:'4 i 


‘ Biills, W. J.. MoiKidian ytudies of Egvptiaii Cotton. Joum. Afjri. Nc«/K't. Vo], !I. 
C.'CS, 

Kottuv, Ci. Ij. .Studies in iuberitatice in Cotton, I. AUm, Df.pu Agri. hidm, Boi. 
Vol. XII, Xe. :i, 1^23. 
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In Plate V is shown the pictures of staple of lint spread on seed of 
the parents, the F; and all the types ocourring in the F.> generation. 
Figure, shows the graphic representation of this character so far as 
the parents and the F, generation plants behave in the year 1923'2l. 

While these figures show that the year 1925-26 was not favourahlf 
to the 8ea- Island type of cotton, yet it is q^uite clear in each of the f luvc 
gears that the first generation of the cross has a staple very close to that 
of the Sea-island parent in the same year. The Fj generation, gro^vti 
side by side with the parents in the same year, showed the followine 
results ; — 


Frequency tx F, uexeeatio?;. 


Staple leugth 

1023-24 

1024-25 

l025-2(; 

nim 


1 

0 

nu-Ul mm 


It 

0 

52 — 24 wiu 

10 

10 

)l 

25—27 iiini 

5S 

;u; 


2a— SO ntm 

05 

1)4 

in 

ai— Him 

S4 

55 

, 50 

— 30 iniii. , . . 

i:i7 

44 

- 

37—31) ram. 

yr. 

4 


40—42 ram 

72 

I 


4;{— 1.7 niiH 

44 

*• 

0 

jC-FS ram 

3 


0 

rOT.AL 

.574 

22) 

1S8 


Figure 4 gives the graphic representation of the Fo generation as 
grown in 1923-24. 

If we take the actual number and proportion of plants the staple ol 
whose cotton is 27 imu, and below (like the Gaclag No. 1 eotton) on tli<‘ 




PL\TE V. 



Slaj-lv’ cf lint spicad on sttd of '.he parents and Fi generation and of the types occnrring m 





li 


i'Q 


7 




H\ ZlK^» , 


Graph showing? the varfaHon In the length oF staple In the parents and Pi generation. 




it O' 7 ^ 



'h) 

Graph showing tl ^ variation in the lenath of sbple in tha h > ^cnsratlon. 



STUniK?: TN TXl^KRTTANTF TX rOTTt>X 




out' with a loiirroi- sltipk' tluiii tliis (likt' t1v' Sra-fskuid 

.•ntton) on tho other the following fiLOUvs ;ire nl.tiiincd : 


^V'nl■ 

Xe.MiO'R or ft. A STS 

l'l;Mfi,|iTf i\ 

With stHjde 
evor 27 mm. 

With stipiif j 
iindt'i’ 27 itiiii. 

With 

niidfr 27 njin, 

!a':':cg4 . 

41*0 

i4a 

2s,-, 

1 1 

[[\U-2ri . 

1 

.■)t; 


I 


i:ai 

4!) 

2\¥I 

1 


— -■ — 

— 

. ... — .. . 


Tot.u. . ’ 

72!t 

2.V4 

2 ‘ST 

1 1 


These proportions are a elosr' approxliYiation to what winild l.x' 
<'\'j»eeted if the ‘long’ and 'short' staples are eonsiden'd as simple 
ineiidoliiUi charaeters. the ‘ long' staple of the Sea-Island parent being 
dominant over the ■'short" staf)](' of (oidag No. I. It seemed as 
iniportunt to detcrn)iiie whether this conclnsion was jiistilier! that in 
r.tJ:V21, a hack cross was made lYctwcen Fj generation and tin' (Jadag 
\o. 1 parent and the resultant seed was growfi alo?ig with tin- jjarents 
in l9'24-*25, with the results recorded in th(‘ following lahie, Tlie 
rmmlxTS are calculated as per 10(> plants in each ease. 
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Out of the plants olitame<l from the back cross described, 57 [,Hr 
cent, are short stapled according to the standard adopted and 13 per (;eut 
are long stapled. If the “ long ” and “ short ” staple liehaved in this 
case as simple inendelian character, then the number should ])e equal, 
d'his is Jiot quite the case, but is sufficiently (dose for it to ])c probait- 
that a simple mcudelian factor is chiefly iuvolveth modified bv mitioi 
linkages of which at present we know nothing. 

Seeds from 3'2 jdauts giving long staple and of 12 ])lauts giving shori 
staple in the F.^ genoratioti of Ihe original cross were now gro\yn. The 
results showed that — 

(1) All seeds derived from sJi&rt stapled plants in the generation 

bred substantially true to the short staple character. 

(2) Seed derived from lonij stapled plants in the Fj gcncratioti 

gave results of two kinds. 12 out of 22 plants bred sut- 
stantially true to the long stapled character, though four of 
them are only just a mean staple length of 27 mm.; tli<- 
remainder (10 plants) gave a proportion of substantial! v 
3 to 1 of long to short stapled plants. The actual proportioi! 
varied from 2*5 to 1 and 4*0 to i in individual cases. 

The actual results for each cla.ss of plants was as follows : — 



Total number of plant." in 
E:: 

Long 
staple I 
over 

27 mm. 

Short 
staple 
under ' 
27 mm. 

PROrORTIO>' 

Plant No. 

Long 

staple 

Shoi'i 

staple 

1-12 

1. Lons stapled parents in 

' ' Fn 

178 

172 

6 


o-o:; 

lS-22 

lOL 


47 

3 0r> 

1 

1-12 

2. Short stapled parents in 

F, 

217 ... 

3 

214 

0-01 

V 


These results accord with what would be expected if long staple 
behaved as a simple niendeliaii dominant, all the long stapled plants 
have not- given similar staple length, nor were they combi tied with 
yield qualities and ginning outturn which would make them desirable 
for multipUcatioQ. Only three (Nos. 1, 2 and 4) of those which bird 
true (or long staple, seemed likely to be of real value and these blnr-! 
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^iive lint whose staple is more oxaetly shown in tin* following table 
(compared with Gadajj Xo. I ) ; 


ESKQUliNOV or ST A PL K LKXOTM (F., l!»24.2i>) 


Staplo 

Plant No. 1 j 

j 

No. 2 j 

Plant No, 4 

UadaK No. 1 

[(i— is itim. . 





j<J— 21 Dim. . 




1 

22—24 mm. . 




1 

2.V- 27 mm. 

1 

I 

1 

1) 

28—30 mm, . 

-V 1 




:{i -33 mm, . 

^ I 

1 

-> 

1 •> 


;U -:;0 mm. . . 1 

3 

1 



:;7— 30 mm. . 

1 


’ 1 


Totat, . 1 

2L 

11 

; 20 

104 

M'MlHpum.) . . j 

28-33 

28-30 

28-30 

22-24 

.^Ifein {mm.) 

:u 

30 

30 

22-2 ' 

Oj- efficient of vaii 
abiliUL 

S-8 

iier CO lit. j 

7‘7 

])er cent. ^ 

lUl 

per cent. 

tl‘4 

per cent. 


Thus the throe progenies possessing all the necessary characters 
lor an agriculturally valuable plant have given plants whose length of 
staple varies from 27 to 39 mm. with a mean of 3c mm., and as such, 
are much superior to Gadag Xo. 1. To this value and Ijeliaviour further, 
along with that of a tew others, the F| generation w'as followed in each 
case in ro\v culture, side by side with the ])arents and the F, generation, 
in 1925-20. As already noted, the .sea.soii of 1925-20 was not favourable 
lor the production of long staple cotton of this type, whetlier from the 
Sea-island parent or from the cross, --ami hence in this year a limit of 
-5 mm. was taken for the boundary betw’een "long and " short ' 
staple. 

The results, derived from eight out of the twelve plant.s of the R> 
uenoration which lued ti uf’ (o lh*> lonff staph chniWi^r, are. shown below, 
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and indicnte that in the ffonoration nil again hml true to hmi 
at/iplo. 



From the plants which ga\’e progenv in the F^ generation of which 
part were long and ])H.rt wer(‘ short-stapled, seed from twenty- three 
were taken, and the progeny cai^ again he dividcfl into two classes. 
Heven of them bred sulistanrially true for the long staple character; 
sixteen gave a proportion of substantially d to I of long to short stapled 
plants. The actual results for each class of plants was as follows : - 


Plant 


Loiiir <jtapl(^ 

iSliort staple 
(uikIci 2o 

tnni. 1 

i 

l*i;or« 

IKTION 

Numbers 

pl.Tiitv in )■', 

2,) 

Long ^iaple 

Stmil stapli- 

1—7 

144 

Ml 

:{ 

1 

002 

S 23 

12a . . i 

1 

;1]U 

113 

2'S 

1 


The progeny of the plants with short staple in the F., and F^ genera - 
lioiLS all gave short staple plants in the Fj generation as would be ex- 
pected. 

These results amply confirm the conclusion reached from a study of 
the Fg generation of the cross that the staple in this case is controlled 
as a simple mendelian factor (with possible minor linkages) and that 
long staple is fully dominant over short staple of the lint. 




.S'l'UDl Kii IN 1 N H K ITA N K 1 N vrT(,)\ 

jl' now Wp. take the three b',. plaiUs (Xos. I. aiui 1) wluch !iave 
Ikm'Ii .solecteti (.see above) a,s possessing other liesiiubh eharaeters I'oin- 
hilled with high staple, it is important to see how the staple i-haraeter 
is retained in the, year following the oi-iginal selection. The Ulile now 
given shows this, am! iiulieates that there is litt le sign of rem-i'ssion from 
the standard when the seh'ctions ^^■('re made. 


.'S(a[)le length 

I'eKe 

■KM •, <>l Al'1,1 

1!. 


flailt N... 1 

I’ianl Nu. 2 

■ 

I'laiii Nil. i 

ti.el.is X.,. 1 

|(1 IS mm. 




7 

mm. . 





'll gl mm. 

- 


7 

•s.. 

gl—li? mm. 

It 

7 

;ii 


■JS— IJU inm. . 


Vi 

10'.} 

" 

:)i— mm, . 

■li 

s 



.'Jl -ttO mm. 

0 

1 

3;: 


39 mni. . 

(1 

j ' 



Toi'.o. 

lo;i 

i 

iJto 

1 I'.i , 

Mode . 

’is :hJ mm. 

2S,''30 mm. 

2H 3(j Dim. 

'll gl mm. 

■Mean . . . ’ 

2t!'T iiirii. 

1 ->11-8 Jiim, 

ilO'U mill. 

mm. 

*'n yliieieill nt \ aria. i 
tinii. ! 

1 

Its jici etui. 

S'ti per eenj . 

lO-i per -•. III, 

7 1 pri ^l•n^ 


(K). OlNNlNO rKUClii.NTAOK A NO [JN'T IMM-,';. 

Along with the yield of Kapos (seed eotton) per plant atuhlif' staple 
of lint.- -the (jiiantitv of lint tliat the seed eotton gives on ginning, 
determines the vahie of a type of eotton. lienee the iniportatn e of Mie 
ginning percentage, and in the pre.sent ease it k essential to retain, 
ill any cross, the relatively high ginning jiereentag? of the (.mdag Xo. I 
parent. The inheritance of this character i.s therefore, of mm-h import- 
ance. fn the present instancm the lint inde.x will givi' praetically the 
same results as the ginning [percentage, as the seed weight ia both parenta 
is practioallv^ the same. 
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On this point we have the previous work of Kottur ^ in couuectieii 
with his cross between strains of Oofisypium herbaceum and Gossypium 
nrykeimi wliich indicated that in this cross, the proportion of lint to seed 
is a sinjple mendelian character varying independently of the length 
of staple. -McLendon " with a cross of American Upland and 8ea-Islan'i 
cotton, found that a low percentage of lint was doniinaut to high per- 
ceutage in the K, geiicratiun and tiiat in the generation the origiri;)] 
percentages reappear with variations extending beyond the extremes 
of the parental percentages. .More recent work by Thadani on varietal 
(Tosses of American Upland cottons in Siml, indicated, on the other 
hand, that wLile the amount of lint varied as if it were controlled as a 
single mendelian pair of characters, high percentage of lint was dominant 
to low" percentage, 

The position with regard to the giiimng percentage in the parents 
and in the first two g(merations of the cross now under consideration in 
1P23'24 arc shown in the following frequency table 


(iiniiiiig jR'iceiil{>ge 

Cadftg No. 1 

yea-ihlaijJ 

KaEQOEIsCY 

IN 1923-24. 


F. 

lU -11 per cent. 




2 

12-13 „ 




2 

U— 15 


8 

.. 

2 

16-17 „ 


0 


10 

18—19 „ 


8 


19 

2U — 21 ,, 


U 


34 

22-23 „ 


29 


52 

24-25 


32 

1 

78 

26-27 .. 

'i i 

20 ! 

(j 

84 

28—29 „ 

4 

12 . 

12 

no 

3tf~-~31 ,, . , 

19 i 

! 

iiO 

74 

32-33 „ 

45 


3(/ 

.55 

34—35 „ 

24 1 

i 

3 

27 

36—37 „ 

2 : 



]1 

38—39 „ 

J 



5 

49—41 




3 

42 „ 




1 

Total 

i 96 

100 

82 

574 

•Mode . . . 

33 per cent, 

26 per (.eiit. 

32 per cent. 


Mean . • 

32-4 per cent. 

23’8 per cent. 

30’7 per cent. 



* Kottur, G. L, studies in Inheritance in Cotton, L Mm. Dipt. Agri. India, Hot. 
Ktr., VoJ. XU, Ko. it, im. 

* McLendon, 0. A, Meudelian Inheiltaiwe in Cotton Jlvliridn. (Jeorgia Agri. 

^ia. null. 99, 1912. 

* Thadani, K, J, Irilieritaiicc of certain Characters, in iiostigpimi. Agri. Jour, India, 
Vol. XX, Part J, 192d. 
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Tlu'!-e figures closely agree with tkoso of Kottui wlio loiind that liigli 
|H’n eiitagc of lint while not completely dominant, yet showed the greater 
in the F, generation. The cross in the F., g('neration spread 
iKyond the limits of the two j)areiits. ami gave })lauts with s<‘<hIs with 
low as 10 per cent, of lint and others with over 10 per cent. As there 
is a good deal of overlapping in the ginning percentage of the two parents 
it is impossihle to divide the plants of F^ generation into two gronps, 
ivpiesentHtive respectively of Oadag >io. 1 an<l of S('a -Island cotton. 

Ill the actual work done, however, only tlie progeny of phints which 
Liiiined over 30 per cent, was grown in the F^ generation, and we may 
restrict onr consideration to three plants Nos. 1, “2 and I, wliich had 
hi'di staple and >vhicli also had a ginning pereentage which made them 
desirable for multiplication. The .seed.s from each of the plants nannvl 
were few, but when grown in 1924.-25 these yielded pro<luce with ginning 
percenatge as shown in the following frequency taldo the ligiircs for 
tiadag No. 1 being also quoted for comparison - 


Uitminif pc,rTeii(u;ie 

rRKQUKNf-Y ly F.^ m 

iNnuATKix (1921 

ITont N.i. 1. 

Plant No. 2. 

Plant No. 4. 

(ladaoX,,. 1. 

21 '2o per ttiU. 




1 

2(i--27 „ 

r, 


- 

1 

2s--2!t „ 

1 


2 

12 

.*M -,U ,, 

!2 3:} „ 

3 

0 

4 

31 

•tl 3A 

1 

a 

/; 

13 

■iti -37 

1 


i 0 

3 

;s -aa 



3 

i 

Total 

19 

11 

20 

104 

Mod('. . 

30 pel’ cent, 

34 per cent. 

3o per lent, 

32 per emit. 

Meau 

27 9 per cent. 

32'4 per cent. 

32'0 per cent. 

30' 7 ]ic r cent. 

(o officient of varia- 
tion. 

]2'9 per cent, 

7'7 per cent. 

11 '3 per cent. 

8'4 per cent- 


The number of progeny in these three cases is not large enough to 
It lake conclusions certain, but as far as the}’’ are reliable, they indicate 
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that the [irogeny of j>]ants 2 and I have, a ginning pcrof'iitage at least 
high as (}a(Iag No. 1 with a eo-efficieiit of vanation little, greater tlum 
with the latter. 

A larger nuniher of individuals from the progeny of these three j)l.oii.. 
ill the generation, ga\'e more reliable results, and the foilowiin 
freijiiency table indicates the results obtained : -- 


( Itnuttig 

Ki;i;yi 

c.NCv i.\ Fj nri^nnATioN (J92. 


ntuit N.>, 1 

ririiit N-J. 2 

Pliuil, N<i. 1 

Ua-Jay N'-- i 

:'.2- por t t-Jilr. 

] 

1 

S 


24— t'o ,, 

- 

2 

IS 


2<)~-27 

13 

2 

29 


2S-2'J 

,'.3 

]{) 

31 

4 



in 

3V 

20 

32— ;i:i 

21) 


3.V 

in 

31—33 

7 


21 

37 

.. 


- 1 

13 

> 

3S-'-.3a 


1 

,s 

1 

to II 



1 


Tofvix 

tis 

.)3 

210 

113 



.Modf . 

29 j)er cent. : 

32 per cent. 

30 per cent. 

32 [>er cciii ■ 

Mran . 

3U-I pei cent. 

1 

ol'O per cciit. 

3n’3 per cent, 

32'7 per cent. 

t'o-eUicieiit <•!' varia- 
(ioTi. 

r2'3 pci ceiit. , 

; 

10' S per Lent. ; 

13' 1 p(i' cent. 

.rlpcr-nis, 
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These figures indicate that these progenies in the a^eneratioii 
retain the ginning percentage which thev had in the F.^ generation, 
with little increase in the variability. 

A similar study for the lint index has led to th.‘ same ivsult, as would 
iiaturally be expected when one of the factors in the iiimdim pereeiuage 
(the seed weight) is similar in the two }.>a rents. 

It- seems clear that it has been possible to (amibitu' in at least three 
.'Jt rains of the cross between Cadag No. i and th<‘ strain ol F^eadslaaui 
eottoTi used, the high ginning character of the (fadag Nu. ! parent and 
(he staple (pialities of the Sea-Island parent, though the staple (pialitie.s 
lia\^e not been retained in these strains of the eros.< to the fullest 
extent. 


(L). Amount of fuzz on the seed. 

The quantity and di.stribution of the fuzz on the cotton seed varv 
\'ery much with different cotton varietie.s arul even with different strains 
of the same variety. Tffius in eottons grown at Dharwar. it ha.s beem 
found that some of the American Upland typ(*s. a few strums (»f Sea- 
Island cotton, and a strain of Uo.s.s//p/'u///, iH'ibainnn ludlcd S<n\Holiat(i " 
have seed with no fuzz whatevan-, that is to say. thev were naked. All 
the Kgyptian strains grown at IJharwar and sonu‘ S^ai-lslaiid types 
have semi-naked seeds ; in these a, porti^ui uf tin* seed is naked ;tiid tin* 
reniainder fuzzy. The Sea -Island strains uf this kind hir.e alinu.sl 
naked seeds with small tufts of fuzz at both ends. MoM uf the Amm iejui 
Upland types (including tfadag No. 1) and almost all th(< Indian eottons 
have entirely fuzzy seeds, the fuzz beinii distriimted over (he whole 
-iirta e. 

Previous study of the inheritance of the charactci of hearing fuzz 
on the seed have been munerous, by Thills ' in Itgypf; by Fletcher 
Fyson’h and more recently by Tim dan i in India, andl|\' McLendon 
Kearney*' in. America. All these workers have found that the tuzzy 
eharaeter is dominant over the naked seed character. 


UBnlis, tv. n, .Ueeilfliati Stiidie.'^ et IC^vptiaii ('"(loti. Jour. .Ii/n.. .SVicocc, \ ul. 
IW8. 

'FletcW, [•'. .MeiuU'lian Heredity in mat'iii. Jtvtr. Anri. .S^'h/ur, Vet. 11, ffjOu 
“Fysun, P. F. Some Kxpeiimeot.s in the llytnidi7iny "f liKiiim Onttiuis. Mfm. Ayri. 
India, Bot. Ser., \'nl. li, Xo, 0. 

* Xhadani, K. T, luheritiince "I (.'eilaiii ( 'harai’tois in C'o >■-(//;> utz/f. -h/z'e 

l‘^dia, VoJ. XX, Part I, 192o. . . 

“‘McLendon, C. A. .Meiidelian Inherit a tH-c in C'elti'H Hyhrid-i. (icuryia Ayn. kxul. 
Bull 99, 1912. 

* Kearney, T. H. Segregatiun of (.'linnictci s in an t piantl t'eyptisn Hybrid, t • S, 
Bifl. Ayri, Bnll 11C4, 1923. 
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The cross between Gadag No. 1 and Sea-Island cotton was one 
between an entirely fuzzy seed and a semi- naked seed (Sea-Island). 
The latter had small tufts of fuzz at the two ends of the seed and alon^ 
the raphe. In the Fj generation, all the plants gave seeds entirclv 
fuzzy, showing the dominance of the fuzzy condition. In the Fg genera- 
tion counts w*ere made on a population of 574 plants, all plants givino- 
seeds entirely or partially fuzzy being taken as fuzzy. Plate VI sho\v> 
a picture of different grades of fuzzy and naked seeds occurring in tin 
F^ generation together with the parimtal and F^ types. 

The results of the counts were as follows : — 



No. of plants 

Piopurlion 

I'hmlr* fu'/.y.v ..... 


15-4 

giving ur . 

35 

l-u 

Total 

574 


In th(». third generation of the cross {V^ ] 

1 the progeny 

of botJi tlu* 


naked seeded Riid the fuzzy sneJcnl plant.s of the generation can In- 
divided into Uvo sections. The results for seven plants of the forniej 
and eight plants of the latter may he summarized as follows 



j 



1 i'^OFOKTiOS 



i’icuns 

Plat its 



Plant 

uni 

Total '4 plain- ui P; 

■^vitli 

liiy^'. 

M’itl/ 

aakeil 






seeff.-. 

i''n/7.v 

.\nkod 


/. Naked -seedf'd pkrni'-' ir F,., 





1 —2 \ 

I'Z .... 


12 

0 

1 

h 

3—7 

71 . 


IS 

;P2 

1 


*7. Fuzzy needed planlt in F.. 





1-4 

.jti .... 

42 

14 

:pu 

1 


51 ... . 

17 

4 

: ii-T 

1 





PUTE VI. 



i izz on seed of tKe patent^ F. and F , sienerations. 
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These results are iinexpected. Of the progeny of tlie seven iiokcil 
leedeil plants, that of tAvo has bred true to this character, while that of 
th*' remaining five has given a proportion of three fuzzy sot'ded ] hints to 
... 1 ,^ naked seeded plant. All would liave lieen expected to bn-ed true to 
fh,. naked seeded character, and the actual results obtained iloes not 
to be explainable on any current hypothesis. 

Out of the progeny of the eight fuzzy seeded plants, tliat of four 
ha. VO ctivcn a proportion of three fuzzy seeded to one naked seeded ])lajit ; 

other four have given a very large excess of fuzzy seeded plants in the 
progeny. 

The h\ generation was followed in connection with the progeny of 
MX of the above hg plants. 

J. Plants giving naked seeds in Fo, and breeding true to this charac- 
ter ill the Fg generation, have also bred true in the F, gcjieration, 
rail have given naked seeds only. 

g. Plants giving naked seeds in F,_,, wlio.se progeny givti both fuzzy 
,11 nl naked seeds in the F^ generation, have behaved as follows : 


riiiiu 

X u iti 
K. 

.'?eed ctmUitiuii in F-. 

Total 
ninnliei 
of plants 
iii F, 

Fiaiits 

with 

tu//A 

^^t■ds 

Plants 

will, 
nti hotl 
siTds 

ITnu'. 

I'lI/./.V 

ilTJON 

Xiikod 

f 

1 Fuzzy . . ■ ■ 

3(i 

3(1 


1 

\\ 

■o: 

2 Xakod . . . • 

7 

7 

7 


J 

Vj 

;! Fuzzy . - ■ • 

7 


2 

2 .■) 

1 

1 

^ 1 Fuzzy . . • • 

20 

20 

•' 

1 

y I 

0 

i 

g -Do 

11 

11 

0 

i 




23 

0 

23 

^ 0 



j 1 Naked . . • • 1 

! 2 Do 

2-5 

0 

25 

/ 



1 1 Fuzzy . . . • 

41 

41 

(> 

1 

0 


Thus all the naked seeded plants have bred true to this character 
m the Fj generation. It mav be noted that all the seeds in these pro- 
were fullv naked, Ikey'liad not even the little tufts of i'nz.^ luuud 
■V, the Sea-Island parent. The fuzzy seeded plants have either hred 
•rue to the fuzzy character (1 plants) or given inzzy and iiakwi sooaeu 
j lants in the proportion of 2'.j to 1. The number of plants ni t us ast 
c:tse is, however, so small that no deliiiite eoncliision can he readied a.s 
n- the exact proportion. 
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Ono giving fii;izy ,s(;e<Ls in F^, whose progeny give 
fuzzy and naked seeds in the F. generation in the proportion of 3 t-- i 
has hehitved as follows : — • 


Utaiit i 

! 

Scoil iu F,; j 

Total ' 
Miaiibt'i 

Plants 

witli 

Plants 

witli 

PfMPORTI-,'\ 

N.«. .11 

uC 

fllZZV 

nalicd 




1 

ill K, 

sCf'Cts 

si'ods 

Fnzzv 

! 

Xa).. : 

1 

rj 

( XiiKiil . . . 1 

: 

(1 

t 

1 0 


' j 

g Fuzzy , . . , 

r‘o 

-* 

It 

nrb 



:: J),. 



(1 

1 


i 

r Pm 

" 

j 1 

•' 

h - 


i 

pM 

! 0 


4 

1 


1 

fi p. 



- 

tii'T 



Ajiain the iialo’d scfaled plant of the JA gein'ration lias bred triie 1 » 
thi> chariieter. Tin* fuzz\’ seeded plant of the F, generation 
yielded proaeny apparently of three tyies. Soni<‘ have bred true ra 
the luzzv character : others (1 aial 5) have s[;lit in the proportion of 
t(» I nalced seeded- plant : the remainder (2 and G) have splir ia 
the pmportiuu of lO a fuzzy to one naked seeded plants. The meanis.j 
of this last nanie<l gruujj remains une-\[tlaiiied. 

-1. Plants giving fuzzy seeds in I'F. and brec-diiig true to this charaeu : 
in tlu- F.^ generation, liavr alsf) 'hred true in the F, genoratio]!. a;:'' 
have given iwi/.y seeds oniv. 

(ienerally. this study indicates the (einpletc' dominance of the fuv:/} 
seeded cljaraeter. There is no ilifheiilty in obtaining types with nakcT 
Hiid also witii fuzzy seeds wliich !:»reei.l (rue. Wiiere impure fuzzy type' 
are grown, tlic progen}' either split into iiizzy and naked seeded piat;'.' 
in the proportion of avjproxiniately 3 to 1. or in a much larger propondei. 
varying from 0 to 1 to 13 to 1. bat most lisuiiliy almut; 10 5 to 1. FT- 
e,\plariation of this latter form of splitting has not yet been made out 

(M) Colour of the seed fuzz. 

Attention was drawn by 3Ii'. B. C. Burt in iy2i to the fart that 
cotton varieties with green fuzz have a tendency to leave specks in tie. 
cotton, nncl are not liked by spinners on this account. This ha^ lee 
the authors to devote some consideration to the subject of the fr t 
colour. 
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The colour of the seed fio-.z in tln> (huLi^ \o. [ pAreiit h irfceriish- 
v.hitt; while that of the small amount nf (u/,/, on iln- Se;!-l^i;^m! oarwit 
ouitc green, tending to a brown mhiur. In tiir F, geiifi'iH ion. all 
1 [ants hail green hi/./, fadirig in soiiK* I'Jaiits to lu'nwn. tinis slnovim: 
rsio dominance of the more highly colc^urcd tv]H‘. In tin* F. generation, 
in addition to the plants with green i>:^-whito and green hi//, some jdants 


were found with cntin^lv lirowu fuzz. Tlw a' 
i)'. ;! pojuilation of dttS plants was a.s iollnw.s : 

I'tual niuiit.er 

of each kind 


X... i.t pl.'IMi- 

1 ■■ 

[' liK wi'.ii ai'c-t'Mi.sli-'.rliiti- fir.'/, (like N-*. 1 : 

\r ,.it- x ltli -n'l-i-ii fu'//. 

l‘i :4t' U'itil t.H-ilWl' fii/./ ...... 

1 

i l-l 

' is 

11 

These figures indicate tiiat i he eo'ounai in// c;f the Sea-Island (-ot lo:. 
-••nd eontain.s two elements, and that the brown rolouri-d planfs wlit-n 
.sr-giv 2 ate:l iu the F., generation form a proportion of 1 to g P romp.irrd. 
with tlio.se whose fuzz has a tinge of grei-n. 

In tlic F., generation, the plants vvlio.o' lA p'areiit had la’oun fii// 


hrod sub.stantiallv true to tins eharaetiaa loi' out o1 I lo plants. 1 1 i plants 
li/d hrown 'iiv/7. (9(i o per rent.). .A- to t!ie plants wltit gr.'eni^ii-wtiii -• 
ar.d with green fw/z. there was sueh a gradual passaue* Ironi fill!'' 
LO'eeri to light groeni.sli-white eolour iljat ir was foutiil ;mi>o-si!i!!‘ i-' 
cla>nfv them, and the inheritance of th(‘ green tu//. could not tx* !oi;.>w.'o. 
itt the Fj generation, all the [‘lanTs wlH!.>e h., [lariuit had is > 
bred suh.stantiallv true to this ehnrai ter. lor out of i.'):") pl.oit.v. ioi: 
[dants had brown fuzz (98 per cent.). 

rhu-S it seems clear that tlie Inowii tinge found iti tiie gre=-n hi// eg 
■'va-lslaiid cotton completely .segregate, s in tbo Iv. geiieraltor an. 
l.ire!‘il.s true in the succeeding g(UH'ra.tioii>, A.- rega d.s rlie greinii.sn- 
v.hhe and green tyjies ol fuzz, it was iound: tasy to segrt'cat' tie 
tes>e^ with definitely greenisli-whlft' hi/.z in tin* ly gimcra' ion. bn; 
that thU was very ditlicult foi the ry]!(w with dee'dedly gM‘-n fu//. 
All .selections for multiplication have been nrndo among typ*s- win 
eillier brown or greeni.sli- white fuzz atid the diliicnltv ol the asnn,iaTio 
of green fuzz with specks in the cotton lias been elitniiialed. 

Vil. Corrolution Studies. 

(A) CORKEL.VnON BET^VKKN LENGTH OF STlti.MA AND ST.M'Li!; 

8ome workers on cotton, and especially Ram Frasud ' workini; in 
the United rrovinces (India), liavi^ toiiiid a strong ridationshij) between 

^ Ham Prasad. Note mi the Pr-Uiatuliiv nl ;i]! Iium-ivtati.m tlir \ruiU-> •. f iL 

Ntiii'ua and that <»f the Fibre in s-me <m' ) In- (iemi- /'-'C 

Bull l?A nrXL 
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The length of stigma in cotton flowers ami the length of staple of t!j,' 
eo+toa fibre produceil from these flowers, Tf such a relationship wore 
proved to exist, it would be of great use in selection and roguing woil; 
in cotton, Kam Prasad has deteriuiued the probability of such a rola- 
tionship in many Indian and American varieties, but recognizes that 
the only way to determine whether the correlation is a real one is to 
(TOSS forms with different lengths of stigma, ami ascertain whether the 
Fibre length and the stigma length arc inherited together. The cni.s-j 
under consideration in the present bulletin gave an opportunity to do so 
as the stigma in the Gad ag No. 1 parent is decidedly shorter than that in 
the Sea-Island strain used to cross with it. 

The length of stigma in flow’er at different positions on the cotton 
}ilant varies very considerably, and in order to avoid errors on this 
m'coiint, all measurements w^ere taken on flowers at the first or seconil 
joint on a primary fruiting branch arising at the tenth or eleventh node 
on the main stem. The stigma was measured, in millimeters, from the 
upper end of the staminal column, and not from the point reached hy 
the iippeniiost anther, as the latter is very iiidcfliiite. The latter is. 
however, the method used by Ram Prasad, and he notes that the relation 
to which he has called attention is specially close if his method is used. 

The following frequency table show's the distribution of stig^nas of 
various lengths in the original parents and in the first two generations 
of the cross, calculated for 100 plants in all except the generation, io 
which it is given for 700 plants, Plate YII shows the picture of tlie 
tigma of the parental and Fj types, together with all the types occiir- 
nhig in the F 2 generation. 
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Though the stigma lengths of the parents overlap a good deal, 
the mean length of the stigma in the F, generation is rather greater 
than ill the higher parent. As the long staple of the Sea-Island parent 
Ji:is been shown to be fully dominant over the shorter staple of Cadag 
No. 1, it will be seen that the tendency of both characters is to vary in 
t}i(’ same direction. Splitting takes place in the F 2 generation, with 
i'xmnples of stigmas far longer than in either parent. 

The correlation between the two characters can be made out in each 
^n'lUTation, and correlation tables indicating the results are shown in 
ap|!('ndix No. 1. They show, however, very slight correlation in any 
generation between the length of stigma and the length of staple within 
the parents, or within each generation of the erbss. The co-efficient of 
correlation in each of these is as follows 

Co-effci&nJt of oorrehiion, 

stigma length ami 
staple of 
lint. 

GadagNo. 1 — 0*001 ±0*08 

Sea-hland -f-0-()06±0'i5 

Fi generation -|-D’3 ±0'U8 

iN generation +0il i,0‘03 

There is, therefore, no correlation whatever in either of the two 
parents ; apparently a slight correlation can be made out in the plants 
of the Fi generation, but it no longer exists in the generatiou. It 
sctaris clear that the supposed relation.ship is, at most, a very slight 
one, and will be of no practical service in the selection or roguiug of 
cotton for good staple types. 


(B). Correlation between ginning percentage and staple of lint. 

It has been usually assumed by practical men working with cotton 
that there is a definite correlation between a high ginning type of cotton 
and a low staple and vice versd^ or in other words that it is difficult if 
not impossible to obtain a long staple cotton which has also a liigii ginning 
percentage. Doubt has been thro^vm on this position in recent years by 
Kottur^ who showed that in a cross between strains of Gossypum 
hrkiceum and Gossypimn negleclum the two characters were almost if 
not entirely independent and by Stroman ^ in a biometrical study of 

^ Kottur, G. L, ^tudica in luheritauce in Cuttoii, I, Mem. Dept, A<jri. I ndia, But. No/'., 
^■‘>1. :xil, N&. 3, 1923. 

- Stroman, G. N. Biometrical Studies of Lint and Seed Characters in Cotton. 
iuas Ayri, Expt. Sta. Bull 332, 1925. 
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sixteen varieties of Texas cotton, who found the correlation betwf.m 
these characters to be very small. The latest work on the subject i:s 
that of Patel and PateP who in a study of inter-varietal crosses of Gossif- 
inum herhaceum came to the conclusion that in certain cottons only, 
f here is reason to suspect some coherence between these characters. 

The characters of the cross now under study seemed to be a))!e 
lo throw light on this question and hcncc the coiTclation tables given in 
appendix No. 2, have been prepared, showing the relationships of thr 
length of the staple of the lint, and the ginning percentage in the parents 
and in the first two generations of the cross. The co- efficient of correla- 
tion in each of these is as follows i — 


Co-eficimt of correhtion. 



Staple of lint 


and ginning 


percentage. 

Gadag No. 1 . . • • 

—0-30 ±0-06 

Sea*l3land , , , . 

+0'32±0-I2 

Fj generation . . . • 

, . . . +O-20±O>O8 

Fj generation .... 

-0-10 ±0*03 


These figures show no evidence of any certain correlation between 
the two characters in either parent or in cither generation of the cross. 
In the present case, therefore, there is no certain genetic correlation, and 
they may be considered as varying in substantial independence. 


* Patel, M. L. and Patel, S. J. Studies in Gujarat Cottons, Part IV, Hybrids betwftea 
Btoach’if&ihi and Goyhari Varieties of Gossypium kerbaceum Mem. Dept. Ago 
India, Bot. Ser., Vol, XIV, No. 4, 1927. 
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APPENDIX No. 1. 


CoRRKLATTON tables between the LENCiTTI op sttoma and that of the 
FIBRE. 

Gadag No. 1. 



Sea-Island, 


Lpnstli of staple mm, 

t> 


Co-effiriont of (.'orrelaMon = +0‘00fl±tM.') 




Gad-ag No. 1 X Sea-Island F^. 
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Correlation tables between ginning tercentaok and lene.th of 

STAPLE. 

Gadag No. I , 



Gadag No, 1 x Sea- Island F,. 
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or 2^. 3'/. . ’ ■'* 

The Inrliaii Types uf Laikyrm salivus L. (Khesari, Lakh, Lang, Tc-,j-a 
Gabrielle L. U. Howard, m.a,, and K. S. Abdur Rahiun , 

Price, Re. 1-8 or 2^. 6ci. 

Kruit-Rot Disease of Cultivated Cucurbitace* caused by Phythium aj,/,,],,..;.. 

(Eds.) Fit?.., by M. Mitra, M.sc,, F.L.S., and L. S. Sl’sjuM.iv'y 

F. L.S. Prieo, As. G nr Sd. 

Colour Inlioritance in Rice, by S. K. Mitra, M,s., ph.D., and S. X. Ctpii jr 
P, M. G.AXOL'Lt. Price, As, G or 

Ailerina spp. from India determined by Da. Rctth Ryas and .Ue/irJ.a spp, 
India and one from .Mallay determined by Prof. F. L, Stevens. brko.AM 
or 5d. 

Studies on Rico i;i Sind, Part f, by K. I, Thadani, .m.sc., and H. V. 
Dotta, b.so. Price, Re. 1 or la. 9d. 

Variability in certain economic characters particularly in seed iveigSt’ i-- 
weight of lint per seed in pure strains of Broach DesLi Cotton, by Magami; 
L. Patel, M.Ag,, and H.akolu H. .Mann, d.sc. Price, As. 14 or 1?. tu’ 
Studies in the Shedding of .Mango Flowers and Fruits, Part I, by P. V, Wagl; 
.M.Ag, Price, As. li or Is. 3d- 

Studies in the Jonfiim of Gujarat; 1. The Jowars of the' Surat Dwtrirt, ti 
■M. L. Patel., M.Ag,, and G. B. Patel, b.ay. Price, Re, LG or 2?. 3i 
Studies in Indian Chillies, I : The Types of Capsicum, by F. J. F, Shu 
D. sc., a.r,c.s., F.L.S., and Kean Sasib Abder Rahman Khan. Pice.R?. !•; 
or do Gi, 

Foot- rot and wilt of AntTrbinums caused by Phytophthorj pitii van aijfhroii 
n.v., by S, SuNDABARAMAS, M.A., and T. S. Ram AK RISE NAN, M.A, Pm 
K e. I or yj 

Further studies of Indian Grasses and Grass-lands, by W. Burns, d.sc. (Bin.' 

L. B. Kulkarni, M,Ag, (Bom,), and S. R. Godbolb, b.sc. (Bom.). PtJ! 
Re. 1-4 or d-L 3d. 

Studies of Sugarcane roots at different stages of growth, by Rao BahadcbT.j 
Vbnkatraman, b.a., and R. Thomas. Prio.', A . 13 or L^. ftf. 

Studies in Indian Pulses : 1, Lentil {Prvitm lens Linn.), by F. J. F. Shaw, 
a.r,c.s., F.L.S., and Raehal Das Bose, b.sc. Price, Re. 1 10 o 2r. >;i 
Pyihium aphanidennaium . (Eds.) Fitz, on OpurUia Dillenii, Haw., It T. J 
Ramakrish.na Ayyar, .M. A, Pfic ', .\s. 8 or lOd. 

Non-dchiscence of anthers in Punjab American Cottons by TaKvOji iROiuS’. 

M. A, Price, As. 4 or 6d , 

Studies in the Wilt Disease of Cotton in the Bombay Karnatak, Scriej I, J] 

G. S. Kulkarni, ii.Ag., and B. B. Mundscs, m.a. ; with an Introdactoi 
by Dr, H. H. Mann. Price, As. 9 or 


Chemical Series 

Some Digestibility Trials on Indian Feeding Stuffs, Part II, by P. K. 

M.A,, D.sc., A, I.C., and Pandit Lal Chand Dharmaki, L.Ag., b.sc. !'?• 

Price Aa. 10 or 1^. 

The Effect of Manuring a Crop on the Vegetative and Reproductive CapA«-l 
of the Seed, by B. VTswanath, f.t.c., and .M, Subianarayana, b.sc. 

Aa. 14 or l.». 6d. _ 

Experiments on the Feeding of Sorghum silage and oonoentrate to Scimii w ■ 
by F, .1. WARia, M.sc., and SitARi Kant .Misra. Price, Aa. 0 or iOii. 



Chemical ^ties—conid., 

V No. VI. Losses and gains ol Nitrogen in an Indian Soil studied in i-elation to the seasonal 

' ‘ composition of well waters, and the bearings of the results on the alleged 

deterioration of soil fertility, by HAaoLO E. Akmktt, u.sc., f.i.c., m.s. 
K.A.C., A. PADMAtiABHA Aiyar, B.A., and Ram XAHAi.A.s Kayasth, 

B.Ag. Price, Rs. 2 or Ss. fid, 

tv Xo. VII. Some Digestibility Trials on Indian Feeding Stuffs, Part III: Some Punjab 
■’ ‘ Hays, by P. E. Lakder, m.a , n.sc., a.i.c,, and Paxdit Lal Cn nd 

Dharmant, r.,. ig., B.se. {Ag.;. Price, As. 5 or 0-i, 

[X N'o. VIII. The determination of the Electrical Conductivity of the a'^ueous Extract iff 
‘ ' * Soil as a rapid means of detecting its probable Fertility, by Ashutosk 

M.-C. Price, As. 4 or dd. 

r I X No I. Feeding Experiments at Karaal, by F, J. Waktu, m.3c. and F. J. Gossip. 
" ' Price, As. 8 or lOd. 

Y No 11. Soils of the Punjab, by Db. P. E. Lander, m.a., d.sc., a.i.o., Db. Ramji 

* ' * * Xaeaik, d.so.j and Mehta Mokand Lal, b.sc., n.Ag. Price, Rs 3-14 or da. 9d. 


X. Nos. 

I. .C 


II. 

Vc!. N, No. 

HI. 

Vol. *Vo. 

IV. 

G,!. N. N'^- 

V. 


X. 

No. 

VI. 

Vol. X, 

No. 

VIl. 

Vol, XL 

No. 

I. 


Vo!. II, No. II. 
Vol. II, No. III. 

V.j], IV, No. I. 
I'uL IV, xo. ir. 
Vol, IV, No. in. 

Vol. IV, No. IV. 


Entomological Series 

Four New Indian Gall Midges, by Da. E. P. Feli' ; I'he Citrus P.sylla (Diapho- 
rim citri, Kuw.), by M. Afzal IIhsatn, ir,.^c,, m. '. Price, Re. 1-2 or ia. 

Braconid® Vipioninse of South India, by T. V. Rama Krishna Ay yap., b.a., 
F.E.S., F.z.s. Price, As. 14 or Is. 3d. 

Some New Indian Mirid.T (CapUdr^), by E, Ral’,.^kd, b..a., F.r.s. Price, 
As. 6 or 

The use of Hydrocyanic Acid Gas for the Fumigation ot American Cotton on 
import into India. Experiments on its lethal power for the Me.vican Boll- 
weevil {.l7iiAmvOAn»5 (jrandis) and lor the Graiii-wccvil {Silophilitu oDjzmj ; 
on the extent to which it is absorbed by Cotton and .lute icepcctively : and 
on a practical method for satisfactory' fumigation on a large scale, by A. 

. James Turner, m.a., b.sc., and I). L. 8en, m.sc. Tech., m.sc.. with a 
Foreword by B- G. Burt, m.b.e., b.sc. Price, Rs. 2 or IB. dd. 

Studies on Plilyedra pos.ii/pidh, Saunders (Pink bollworm) in the Punjab, by 
Sohak Singh Bindra, m.sc. Price, Re. 1-4 or 2 j. 3d. 

A Contribution to our knowledge of the Thysanoptera of India, by T. t . 
Raaukrishna Ayyab Ph.D., F.E.S., F.Z.S, Price, Re. 1-9 or 23. 6d. 

A List of the Generic Names used for Micro! epidopfcera, by T. BAiNBRiaoH 
Fletcher, r.n., f.l.s., k.e.s., f.z.s, {In the press.) 

Bacteriological Series 

A Bacterian Soft Rot of Garden Poppy, by C. S. Ram Ayyab, b.a. Price, 

Niti^cation of Calcium Cyan&raide in some Indian Soils, by J. H. Walton, 
M.A., M.SC. Price, As. 10 or l3. 


Veterinary Series 

The Chemotherapy of Surra (TrypaMsoma evoMi Iniections) of Horses and 
Cattle in India, by J. T. Kd\v.ards. n.sc., m.r.o.v.S. Pnee, Rs. 4-2 or li 
Studies in Bovine Lymphangitis, by V. Krishnamubti Ayyar. Ince, He, I-L 

Trypanblue and certain dithio- aniline derivatives : their efficacy in the 
treatment of Piroplasraosis and other affections in the Central Provincea, 
by Major R. F. Stirling, f.r.c.v.s , D.y.3,M., f.z.s., i.y s. 1 nee, As. 3 or 44, 
Nasal Gramuloma in Cattle in Bihar and Orissa, by Rai bAiiiB P. IN. uas. 
Price, As. 3 or 4<f, 


No. Ifil). 
^0. KiT. 

Xo. IC3. 

No. 169. 

N’. 170. 


BaUetins issued by the Agricultural Research Institute, Pusa 

Sampliog for Rice Yield in Bihar and Orissa, by .J. A. Hubb.ack, i.' 1 dee, As. 7 or 04. 

A Scheme of ClasdUcation of the Varieties of Rice Found m Burma, by R. A. 1 b.ir.L. 

List o^TuVtatlon?on In JUn Eatoniology, 1928 (compile ! by the Offg. Imperial Kutc 
uioiogist and the Imperial Entomologist). Price. As. 10 or Is. 

The Stem- bleeding Disease of Arecannt (Arem c.al<^.c.ha) 

Von H.m., by S. Shndararaman, m.a., C. Krishnan Nayar and 1. S. Kamafrishnan, 

.^eesiial vStltoas® rthc Uerm Content ot Milk at Pass, by J. H. m.a., h.ac. 

Price, As. 6 or '^d. 



BaJletins issued by the Agricuitural Research Institute, Pusa— 


No. 171. 

Ko. 172. 
No. i73. 

No. 174. 
No. 176. 

No. 176. 

No. 177. 

No. 178, 

No. 176. 

No. 180. 

No. 181. 

No. 182. 

No. 183. 
No. 184. 

No. 185. 

No. 186. 

No. 187. 

No. 188. 
No, 189. 

No, 190, 

No. 191. 

-No, 192. 

No. 19.3. 


No. 194. 


The JmproTCBnent oi Indian Wheat. A Brief Summary of the Inveatigationa 
at 1 usa from 1605 to 1924, including an account, of the new Puaa Hybrids bv 
Howard, c.i.e., m.a., and Cahhielli L. C. Howard, m.i. Price, As. 8 or lOrf/ 

The Jlcchanical Analysis of Tropical Soil;?, by J. Charlton, m.sc., f.lc. Price Ag ^ ^ 
Occurrence of Trichomonad Flagellates in the blood stream of Fowls, by Hcqb Cn 
M.R.c.v.s., and Amar Nath Gclatt, M.sa Price, As. 3 or 4d. 

Unit System for Farm Buildings, by G. S. Hjkdibson, jr.D.A., n.d.d. Price, As Wo- 
A Comparative Study of the methods of preparation of the Soil for the Mechanical a ' 
lysis, witb'a Note on the Pipette Method, by Amar Nath Puhi, rh.D.. and B w 
B.A, Price, As. 4 or 5d. ' ' *'‘^1 

A Method of increasing the Manurial Value of Mahua Cake, by N. D. Vyas l xo n • 
As. 4Qr6d. ^ 

Root-rot and Sclerotial Uibeabes of heat . bv L. S. Sdbramaku m. p.l.s, Pr’cc A, 
or 6rf. • r -‘If. t 


A Study of the Locular Composition in Cambodia Cotton, by V, RaMAifATHAi; i 
Price, As. 7 or 9d. ' 

A I.eaf Spot and Blight Disease of Onions, caused by Aifernoria palandvi nov bc w 
C- Bakgaswaki Avyakgar. Price, As. 6 or 8fi. ‘ ■ 

Stem -rot of Berseem, caused by HhizoctonUi Solani Kiihn, by Md. Tasloj. Priie As. j 
or 9d. ’ ■ ^ ^ 

Life History, Bionomics and Control of Mylkxxrus macvJosus^ Dcab. (CXirdilioniif . 

Coleopteru), by Kid ah Nath Telhan, m.sc. {In (ht jjtms.) 

Investigations in the Bactcriologj’ of Silage (1926-27), by J. H. Walton, m. u,. 
Piice, As. .5 01 6(i. ’’ **' 


A Milk Fermenting Yeast, by C. S. Ram Ayyae, b.a. Price As. 6 1 r Ocf. 

List of Publications on Indian Entomology, 1927 (Compiled by the Imperial Entomolocistl 
Price, As. 0 (.r Vd. ^ ^ 


Tlie Cultivation of Lac in the plains of India, laccifera hcca, Kerr., bv C. S. Misrji ti. 

(Revised Edition). (i?i (h press.) ’ 

A Preliminary Note on the Pice crop in the United Provinces, by R. 1.. Sethi Price A« 7 
or 9ff. ’ 

The Production of Cigarette Tobacco by Flue-Curing, by F, J. F. Shaw, n.sc.. arcj 
r.L.s., and Kashi Ram. Pjlce, R(-. 1 or Ij. M. ' ' '* 


Designs for Farm Buildings, by C. S. Henderson, n.d.a., n.d.d. Pnee, Ab. G or W. 

The Improvement of Dhnrwar-Aincrican Cotton [)y Hybridization, bv R. K. Kelearsi 
B.A g., and T. R, Khadii.kae, B.Ag, f'lu',', K.<. :i-2<.r4j. 

Bcscnjition of a New species, JJipylidiurp. cahis n. sp., witli a Note on the Genua 
Leiirkart, 180.8, l.iy Am.M! Nath Gulati, M.Rc. {In the press.) 

Agricultural Implomciits aiul Machinery at Pusa, Part I : Cultivation Implciritn[! 
Machinery, by G. 8. Henderson, n.d.a., n.d.d. and Arjun Singh. i.Ag, (/n thepnii .) 

Agricultural ImpJomcntb and Machinery at Pusa, Part 11: Harvesting and TbresLiiig 
Implements and Machinery, hy G. S. Henderson, n.d.a., n.d.d.. and Aejdn 8iscr. 
L.Ag. {I n the press .) 

Agricultural Implements nnd ]\fachinory at Pusa, Part HI: SpecJal and MrscellsceoiM 
implements and Machinery, by G. H. Henderson, n.d.a., n.d.d,, and Arjdn fiis'CB, 
i-.Ag, [In (he press .) 

Agricultural linplcnicnts and Machinery at Pusa, l^ut H' : Power Implements and Jjariiin- 
ery, by G. .S, Henije:rson, n.d.a., n.d.d., and Abjen Singh, L.Ag. {In the pms .) 


Books 

V heat in India, by Aljbf.kt Howard, m.a., a.r.c.s., f.l.s., and GABRiELLii I C. Howard, m.a I'^c^ 
Rs. li or '^s^ i]d. 

A Desciiption of the Imppruil BacteriGlcgicaT Laboratory, Muktesar : Its Work and Prediicut. b 
Major J. ],). L\ IIoimlp, m.a., d.sc., m,r,c,v.5. Price, As. 8 or W. Hindi and Iran 
Lditiocs, Rs. 2-4 each. 

Agriculture in jiidta, by James Maceenna, m.a., r.r..s. Friee. An. 4 or 5d. 
gome I'iscases ui Cattlt’ in India. A Handbook for Slock-ovnerK. (Revised in ll'i')- f'™- 

lb . J -1 or 2s. 

Report on llie Diseases of Silkworms in India, by A. Pringle Jameson, d.Rc, Price, Bs. 3. 

'Ihe. Importance of Bacterial Action in Indigo Manufacture, by C. M. Hdtchisson, b.a. I’ritc, A?. - 


Notice 

All new publications aie included in the above Het and are regularly posted to ail on the tr/Bilitf 
list as soon as issued. Lniess complaints of non-receipt of any publication are received by the Hsu*- 
ffer. Government of India Central Publication Branch, Imperial Secretariat Building, 3, Govenmiw' 
Place, West, Calcutta, within six months of the date of issue, dupbeale copies can be supplied only b* 
payment of cOit and postage. 
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